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Aidfs  calopus,  habit- 

\    i\«»,  use  in  alcohol  maiiuiacluro 

A  1  "hoi,  f()8t  of  priKliKtion  ami  yield  . . 

(ieuatured,  description 

law,  June  7,  1906,  and  amendment,  texi 

(!<  .  materials  and  rciiulatitniH 

.!  1,  and  choniical  lonnula 

ih.iw-.i  w.i,  st)un'os  and  manufacture 

manufacture,  cost,  factors  inHuencinp. . 
history  and  dctail^^ 

sources,  chemical  composition . 
requisites 

yield  and  cost  of  pnxluction 

Alcoholic' solutions,  strenirth.  determination. 
Alfalfa,  alkali  resistance. 

seed,  adulterati(»ii 

testin<?  meth(Kls.  occurrence  of  weed  seeds,  et* 

Alkali,  black,  effects  on  plant  <,'rowth 

determinati<m  in  stnl 

effect  on  plant  prowlh,  comparative  hurmfulnes?  of  kind?. 

resistance  of  barley 

different  crop- 
j^i)il,  chemical  nature,  cause  oi  accurnuiations,  aii<i  <^'ru(ie.>- 

choice  of  cn)ps 

effect  on  foliage  of  ])lant8 

AL'jike  clover  seed,  adulteration 

Amaranth  seeds,  descri|)tion.  occurrence  in  farm  sccd- 

Anopheles  mosquitoes,  breeding  habits 

malaria  spreading — 

Anthrax  contajjion,  spread,  methtxis 

forms,  description 

history,  nature,  and  control 

serum,  pre})aration  and  use 

spores,  vitality 

vaccine,  preparation  and  use. . 

Aphis,  cabbage,  control 

spring  grain,  injury  to  barley,  note 

Apiary,  inspection,  importance  to  bee  keeping. . 

location 

Apples,  alcohol  yield  per  ton 

I       '      '  '.     See  Peanut. 

rimenfal  Farm,  growing  barleys.. 

Ai  iii\   >MPi  ill.  injury  to  barley,  m)te ' 

Arnold,  J.  II.,  bulletin  on  "How  a  city  family  managed  a  farm". 

Arsenate  of  lead,  use  in  spraying  peaches,  methods 

Artichoke,  Jerusalem,  comi>o.sition  and  alcohol  yield. . 

Ashes,  w(X)d,  fertilizer  for  peanuts 

Atriplex  spp.,  value  as  hedge  in  alkali  regions 

Bacillus,  anthrax,  description 

lanx,  cause  of  foul  brood 

Balance  for  seed  testing,  construction 

Ball,  Carleton  R.,  bulletin  on  "  Better  grain-sorghum  crop 
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Barley,  alkali  and  drought  resistance,  vvaier  requirem*'!!!,-',  ^'S.- 443 

analyses 429 

composition,  and  use  in  alcohol  manufacture 429     16, 

crop,  improvement,  methods,  etc 443 

uses 427 

culture  in  the  Southern  States 427 

diseases ..  427 

effect  on  land,  comparison  with  other  cropy 443 

growing 443 

harvesting  and  thrashing .  427 

time,  methods,  etc .  443 

hooded,  description  and  value 427      4, 

insects  injurious,  control  methods,  etc 443 

origin,    history,    characteristics,    introduction    intn    Ignited 

States,  etc .  443 

production  in  the  Southern  States,  1909 .  427 

rotation  with  other  crops,  yields,  etc 443 

seed,  pure,  introduction  and  distribution 443 

testing  methods,  occurrence  of  weed  seed>-<,  eu 42S 

seeding,  time,  rate,  method,  depth,  etc 443 

soil  adaptability 443 

sowing,  time,  rate,  method,  etc 427 

with  oats,  experiments,  yields,  etc 443 

spring,  for  the  South,  experiments,  etc 427 

statements  of  southern  farmers  and  seedsmen 427 

Tennessee  Winter,  growing  in  South 427 


thrashing,  storing,  etc.,  methods. 

Union  Winter,  growing  in  the  South,  value, 

varieties  grown  in  the  South 

selection,  methods,  etc 


443 
427 
427 
443 

yields,  etc.,  in  various  States 443 

winter,  for  the  South 427 

value  as  hay 427 

yields,  comparison  with  other  cereals,  1866-190' 443 

effect  of  soil  treatment . .  4-13 

Barnyard  manure.    See  Manure. 

Bats,  use  in  mosquito  destruction 444 

Bean,  horse,  alkali  resistance 446 

Beattie,  W.  R.,  bulletin  on  "The  home  production  of  onion  seed 

andsets" 434 

"The  peanut" 431 

Bee  brood,  dts'eased,  description,  and  directions  for  mailing  sam- 
ples  w  ,, 442 

disea^gs,  tr.eatment 442 

esecipe,  use  im'  clearing  infected  beehive 442 

Beekeeping,  b'eginning,  suggestions .  447 

'' ;'/ '    book's- and  periodicals 447 

' ' ' '__'    eqiiip'ment 447 

Beef,  m^flcet  cla'ssfes  and  grades 4:M 

Bees,  adiill',  disfeas'es,  causes  and  control 442 

dfe'qjjjGening,  as  remedy  for  foul  brood 442 

dis-eass^s  awd  'demies 447 

dmadling  in  Spring,  causes  and  prevention 442 

mSihlagementi 447 

" picWe  bi^^dod,"  description 442 

relatj(?Ti  ta,  et^ps 447 

shafciii^,  trfektpQent  for  foul  brood,  directions 442 

wiMering.  it  -  :.^ 447 

Beeswax,;  fii'ckiuctiQo.and  handling 447 

'  saving  *frdm  contaminated  combs,  directions 442 

Beet,  sugar,  alcohol  vield  per  ton 429 

Beetles,  grain,  injury,  description,  control  methods,  etc 443 

Beets,  sugar,  alkali  resistance 446 
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composition,  and  alcohol  yield  per  ton. 
Bermuda  grass  and  lespedeza,  mixture  for  hay 
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Bersoom,  \  i 
Bind  wood  - 

I'lrtcklep.  simii.uii}  i  i    ij 

vaociiu',  pr  note 12 

i:!"'L-"^  "■'  <>'-'"   ■!•  •■  - 1   .w.Mirr.  iiothyscod  28 

J^  i- 28 

in  "d,  notr.  7 

■  luegraaa  tjetnl,  Keulucky,  adiilli'mliou,  iioU* 12^  7 

tt\stine    methods,    occurrence    oi 

POodH,  otc 428  40-41 

)y8'  and  girla'  clubs,  selection  and  pro\\nng  of  corn,  sorghum,  etc. .      448  34 

romegraas,  awnless,  seed,  adnl       *         note '"^ 

topi  \'*dn,    occurrence   ot 


Hunp:arian,  fir 
Hronuis  inermis.     See  Broin. 
Brown-rot,  peach,  nature,  cau^e,  injury,  control  methods,  ei< 

Buckhorn  seed,  adulterant  of  alfalfa  seed,  note 

description,  occurrence  in  farm  seeds... 
:  Milbs,  onion,  for  seed  production,  selection  and  care — 
uttercup,  creeping,  description  of  seeds,  occurrence •  in    r  i 

tl'lui-,'.  ,  (  ultivation,  harvesting,  marketing,  etc.  . 

insect  enemies 

market  garden  growing 

storage 

truck  crop  growing.. . 

varieties 

wild,  and  its  cultivated  foriuri.. 

alf.  feeding 

mile  seed,  '1  '  n,  occurrence  in  <i(»\  cr  and  grius<  :^<'('(i. . .  . 

lor,  use  as  1 1  ap^ainst  mosq^uitoes 

Ill  J. ion  seeds,  d-  -.  i  i(m  ...n,  occurrence  m  clover  and  grass  seeds. . . 

ane  sugar,  analysis,  and  alcohol  yield  per  ton 

See  aUo  Sugar  caiu* 

mned  peaches,  grades 

I nners,  fruit,  description 

annery,  relation  to  peach  growing 

eupar  corn,  wastes,  alcohol  yield  per  ton 

inning  fruit,  equipment  for  farm 

industry,  peach,  extent  and  location. 

peaches  on  the  farm 

principles 

"Jans,  peach,  description,  prices,  etc 

Carbolic-acid  emulsion,  formula,  and  use  against  onion  maggot 

Carrot,  wild,  seed,  adulterant  of  alfalfa  seed 

description,  occurrence  in  farm  seed". 

ti^pava,  sweet,  composition,  and  alcohol  yield 

'  Hy  seed,  description,  and  occurrence  in  alfalfa  and   cluvcr 
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f^d,  description,  occurrence  in  clover  seed 

r-l()\  cr  :ni(l  (rr:i>-i 


c 

C;!  ed,  description,  occurrenr 

ittle,  liability  to  rabies 

rabies 

Cedar  oil,  use  as  protection  against  mosquilue 
Cereals,  alkali  resistance 


11  1  til  111 


■rcospora  personata,  note 

I  'nr"-^'— V-    p.,„i;.,K    -lf«Jcription  «>i  .-.(^-u.-.  --<  <  mMi 

CI  iMn,  occurrence  in  grain  and  grass  seeds 

CI.  ^••_._.    ..:.-cts 

Neufchatel,  manufacture 

qualities 

<  lie^->^  see<is,  description,  occurrence  in  grain  and  gnuss  .-ctd.-. 
"  hickory  seed,  description,  and  occurrence  in  farm  seeds 
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Chickweed  seeds,  description,  occurrence  in  clover  seeds 

Cinquefoil  seeds,   description,   occurrence  in  clover  and   timothy 

seed - 

Citronella  oil,  use  as  protection  against  mosquitoes 

City  family,  farm  management 

Claviceps  purpurea.     See  Ergot. 

Cleavers  seed,  description,  occurrence  in  grasses,  millets,  cereals,  etc. 

Climate,  suitable  for  cabbage 

Clover,  alsike,  seed,  testing  methods,  occurrence  of  weed  seeds,  etc.. 
crimson,  seed,  testing  methods,  occurrence  of  weed  seeds, 

etc 

use  as  green  manure  for  barley 

hop,  description  of  seed,  occurrence  in  grass  seeds 

Japan.     See  Lespedeza. 

red,  seed,  adulteration 

testing  methods,  occurrence  of  weed  seeds,  etc . . 

seed,  adulteration  and  testing 

characters  of  different  species 

sweet,  alkali  resistance 

white,  seed,  testing  methods,  occurrence  of  weed  seeds,  etc. . 

Clubroot,  cabbage  disease 

Cockle  seed,  description,  and  occurrence  in  farm  seeds 

Comb  honey,  production,  directions 

See  also  Honey. 

Concrete  floors,  danger  for  hog  houses 

Condimental  feeds,  value  and  use 

CoRBETT,  L.  C,  bulletin  on  "Cabbage" 

Com,  analyses 

composition  and  alcohol  yield 

kafir.     See  Kafir  corn. 

production  in    Southern    States,    1900-1909,    acreage,    yield, 

value,  etc 436 

yield,  value,  etc.,  1892-1909,  Shenandoah  Valley 

farm 432 

seed,  testing  methods,  occurrence  of  weed  seeds,  etc 428 

sugar,  cannery  wastes,  alcohol  yield  per  ton 429 

yield,  by  five-year  periods  on  tenant  farm 437 

yields,  comparison  with  other  cereals,  1866-1905 443 

Cornflower,  description  of  seed,  occurrence  in  farm  seeds 428 

Cotton,  alkali  resistance 446 

Cottonwood,  alkali  resistance 446 

Couch  grass  seeds,  description,  occurrence  in  grain  and  grass  seeds. .  428 

Cover  crop,  value  of  barley 427 

Cowpeas,  use  as  green  manure  for  barley  crop 427 

Crab-grass  seeds,  description,  occurrence  in  farm  seeds 428 

Creamery,  relation  to  marketing  eggs 445 

Cresol  solution,  formula,  and  use  against  poultry  lice 435 

Crimson  clover,  use  as  green  manure  for  barley  crop 427 

Crop  rotation,  oats  with  other  crops,  value 436 

Shenandoah  Valley  farm,  methods 432 

rotations,  four-year  and  five-year  systems,  description 437 

with  lespedeza 441 

Cropping  systems,  four-field  and  five-field,  description 437 

Crops,  alkali  land,  choice 446 

relation  of  bees 447 

requirements  of  water  on  rich  and  poor  soils 435 

Culex  spp. ,  breeding  habits 444 

Culicide,  Mimms,  formula,  and  use  against  mosquitoes.  . 444 

Curculio,  plum,  description,  history,  habits,  injury  to  fruit,  etc.  .  . .  440 

occurrence  in  orchards,  control  methods,  etc 440 

Curing  onion  seed  heads  and  sets 434 
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Dairy  farms,  rotations  with  le7.i>edeza.  etc 

l>;ii-\-   rxryo.  ilosfription  of  eeeds,  iK'curreini' 


Kwmv 


u .  (Inscription  of  Hood.  ocrurrenre  in  timothy  seed.  . 
!  Dr.  \V.  11..  report  on  control  of  anthrax  in  Louisiana 

I  !-.  (lp>(Tiption,  occurrence  in  >;niin 

i  stance 

lol.  list,  and  regulations  for  u-r 
MiiKK.  ii.  li.,  bulletin  on  "  Harley  culture  in  the  Soiithcni  states 

"  Harley:  ( uowinj?  the  cn>p' ' 443 

I>i--»ill:itv  n      '  ■  >    V  details  and  inipleiiients 429 

I  »i  '11  •  \  alcoht)!.  regulations  and  governmental  control 

I '  rabies,  management - 

1  1  >n.  occurrence  in  grain  and  grass  seed;^. 

1  lenuit  of  alfalfa  seed,  note 

llax,  atiuherant  of  flax  seed,  note 

seeds,  tlescription,  occurrence  in  farm  8ee>i 
I '  _  !'  iiiu'l  seed,  description,  occurrence  in  clover  and  grass  seed. . 

'  .'    '    ll-^C 

ral.ii'S 

I>rair,  plank,  construction,  use  on  farm.. . 

I  >rought .  resistance,  barley ' 

prain  sorghums,  studies. . 

1  >ry  farming,  suggestions 

Durra,  description,  use.  acreage,  yield,  <  < 
Sec  also  Sorghum,  grain. 

Dysentery,  bees,  causes  and  symptoms 


!"ggs,  marketing  through  the  creamery.. . 

usual  method 

prices  obtained  by  creamery  marketing 

I  nrnt.  barley  disea.>*e,  description,  control  methods,  etc 
<h(  graminis.     See  Mildew,  powderx 

\ptus.  alkali  resistance 

i>xperiment  Station  Work,  LXI  .... 
LXII.. 

i  allowinfr,  usefulnes'*  in  dry  conditions 

i  alse  flaxseetl,  description.' occurrence  in  farm  seed 

Farm,  Arlington  Kxperimental,  growing  barley,  varieties 

buildings.  Shenandoah  Valley  fami.  doWnption,  otr. 

garden,  description,  profits,  etc. . 

home,  family  labor,  aivision 

inventories,  various  years,  Shenancinaii  \  alley  larm. 

management,  by  city  family 

tenant,  terms  f)f  rental,  and  livc-strx'k  managemon* 

I  armers.  .southern,  statements  concerning  barley 

I  arming,  tenant,  a  system  and  its  results 

i  anns,  dairy,  rotations  with  lespedeza,  etc 

i  t'ed.  use  of  peanut  vines  for  stork 

uses  of  barley . 

ieeding,  stock 

I  eeds.  condimental,  vaiuf  aii«i  use 

receipts  for  condimental  mixture- 

i  eldspar,  fertilizer  value 

i  >rmentation,  alcoholic,  theory  and  practice 

preparatifm  of  solutions,  malting  and  mashin<: 

i  <*rtility,  soil,  relation  to  water  requirements  of  crops 

i»*rtilizer  constituents  required  bv  com,  wheat,  and  rlovrr. 
11-    ill  barley  growing,  formula,  etc. 


i)arley  in  the  South 

cabbage 

comparison  of  standard  with  unusual  kinds 

kinds,  methods  of  use,  etc.,  Shenandoah  Valley  farm. 
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Farmers' 
Bulletin  No.     Page 

Fertilizers,  oats,  in  South 436  14-17 

onion  growing 434  14 

peanut,  discussion I'^-i-,^ 431  9-12 

tomato,  notes 435  9, 10 

varieties,  use  in  barley  growing 443  13-16 

Fescue,  meadow,  adulterant  of  grass  seeds 428  7 

seed,  testing  methods,  occurrence  of  weed  seeds, 

etc 428  39 

Figs,  loss  by  dropping,  with  causes 430  7 

Fish,  use  in  mosquito  destruction 444     11, 13, 15 

Flax,  alkali  resistance 446  28 

false,  description  of  seeds,  occurrence  in  farm  seeds ^  428  20 

seed,  adulteration,  note 428  8 

testing  methods,  occurrence  of  weed  seeds,  etc 428  45 

Fletcher,  W.  F.,  and  H.  P.  Gould,  bulletin  on  ''Canning  peaches 

on  the  farm" 426  1-26 

Food,  use  of  grain  sorghum 448  12 

peanut 431    30-32,33 

Forage,  peanut,  value 431  35-36 

plants,  alkali  resistance 446  14-15, 

19-26,  31 

distinguishing  characters  of  seeds. 428  15-16 

Forget-me-not,  description  of  seed,  occurrence  in  clover  and  grass 

seed 428  26 

Foul  brood,  American  and  European,  symptoms  and  treatment 442  8-19 

Foxtail  seeds,  description,  occurrence  in  farm  seeds 428  23 

Frenchweed  seeds,  description,  occurrence  in  grain  and  flax  seeds. .  428  20 
Froley,  J.  W.,  and  C.  Beaman  Smith,  bulletin  on  "A  system  of 

tenant  farming  and  its  results " 437  1-20 

Fruit,  canning  peaches  on  the  farm 426  1-26 

protection  by  lime-sulphur  sprays 435  14-16 

spraying  blossoms,  danger  to  bees 442  7 

Fruits,  alkali  resistance '  446  13, 14, 

29,32 

sugar  content,  table 429  11 

use  in  alcohol  manufactiu-e 429  11 

Fungicide,  lime-sulphur,  making  and  use 435  12-16 

Garden,  Shenandoah  Valley  farm,  description,  profits,  etc 432  12-14 

Geranium,  wild,  description  of  seed,  occurrence  in  clover  and  grass 

seed 428  25 

Germany,  alcohol  manufacture  from  potatoes,  advantages 429  20 

Germination  test,  seeds,  methods 428  30-31 

Goosefoot  seeds,  description,  occurrence  in  farm  seeds 428  24 

Gould,  H.  P.,  and  W.  F.  Fletcher,  bulletin  on  "Canning  peaches 

on  the  farm" 426  1-26 

Grain,  aphis,  injury  to  barley 443  44 

oat  crop  in  South 436  27 

crop,  winter,  value  for  South 436  5-6 

sorghum  belt,  area,  climate,  agricultural  development,  etc. . .  448  5-8 

crops,  improvement 448  1-36 

varieties,  introduction,  history,  uses,  acreage,  yield, 

value,  etc 448  8-15 

yield  increase,  methods,  studies,  etc 448  23-31 

sorghums,  improvement  methods 448  15-17 

varieties,  yield  increase,  studies 448  23-31 

Grains,  composition  and  alcohol  yield 429  16-17 

small,  growing  for  hay  on  alkali  soil 446  15, 16, 

26-28,  32 

Grapes,  alcohol  yield  per  ton 429  12 

alkali  resistance 446     14,  30,  32 

Grass  seeds,  adulteration 428  6-7 

characters  of  different  species 428  16 

velvet,  description  of  seeds,  occurrence  in  grass  seeds 428  23 

western  wheat,  value  on  alkali  soil 446  19,  31 
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ly,  injury  to  barley,  note.: 

hiacs.  (   »iiUu;ion,  source  of  anthrax 

IIiLi.MAN,  F.  II.,  bulletin  on  "Testing  farm  seeds  in  the  home  and  in 

the  rural  school " 

Hives,  bee,  disinfection  after  disease 

remarks 

lloeinfi,  usefulness  in  dry  season 

H(»i;  cots,  individual,  description,  cost,  etc.. 

houses 

varieties,  description,  cost,  etr.. 
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e\  <  tion 

fr'  -d  combs,  disposal. 

infected,  spread  of  bee  disease 

production,  directions 

llurdeuiii  sponlnneum.     See  Barley 

Hotbed.  tomat(»  r>lant 

Howard.    '       '      '   illetin  on  "R- 


Hydrophobia.     See  Rabies. 
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Its,  farm,  Shenandoah  Valley  farm,  coet,  etc. 
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I?Ie  of  Wight  bee  disease,  note 
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Japan  clover.     See  Lespedeza.  Bulletin  No.    Page. 

Jimson  weed  powder,  use  for  smudge  against  mosquitoes 444  8 

Kafir  corn,  composition,  comparison  with  sorghum  seed 429  17 

description,  use,  acreage,  yield,  etc 448  5,  9. 

See  also  Sorghum,  grain.  10, 11, 12^ 

13, 15, 17, 
18, 19,  20, 
21,  22,  23, 
31,32,33, 
34,  35,  36 
Kearney,  Thomas  H.,  bulletin  on  "The  choice  of  crops  for  alkali 

land" 446  1-32 

Kentucky  blue-grass  seed,  adulteration,  note 428  7 

Kerosene,  use  in  control  of  mosquitoes 444  12, 13, 14 

Kerosene-soap  emulsion,  use  against  cabbage  aphis 433  10 

Knotweed  seeds,  description,  occurrence  in  flower  and  grass  seeds..  428  23 

Kowliang,  description,  use,  acreage,  yield,  etc 448  5,  9-10, 

See  also  Sorghum,  grain.  18,  22,  33, 

34,  35,  36 

Labor,  employment  system,  cost  per  year,  etc.,  Shenandoah  Valley 

farm 432  9-11 

Lady's-thumb  seeds,  description,  occurrence  in  farm  seeds 428  23-24 

Lanibs,  market  grades 435  19 

Lamb's-quarters  seeds,  description,  occurrence  in  farm  seeds 428  24 

Lard,  grades 435  20 

Larvicide,  mosquito,  formula  used  in  Panama 444  14-15 

Lava  rock,  fertilizer  value 430  5 

Lavender  oil,  use  as  protection  against  mosquitoes 444  6 

Law,  denatured  alcohol,  June  7,  1906,  and  amendment,  text 429  6-8 

Laws,  bee 447  45-46 

Lead,  arsenate,  use  in  spraying  peaches,  methods 440  35 

Leaf-spot,  peanut,  disease. .'. 431  37 

Leguminosa^,  alkali  resistance 446  22-26 

Lespedeza  harvesting  for  hay  and  for  seed 441  14-16 

history,  description,  and  uses 441  1-18 

seed,  yield,  harvesting,  cleaning,  etc 441  15-16 

striata.    See  Lespedeza. 

Lice,  poultry,  destruction  by  use  of  powder: 435  20 

powder,  formula  for  making 435  20 

Lime,  burning  on  the  farm 435  6-8 

need  in  cultivation  of  peanuts 431  11 

use  in  barley  growing 443  16 

oat  production  in  South 436  16-17 

on  barley  soils 427  8 

Limestone,  use  on  sour  land 427  8-9 

Lime-sulphur,  fungicide,  making  and  use 435  12-16 

self -boiled,  use  for  scale  insect  control,  method,  ef- 
fect, etc 440  32-33 

in  control  of  brown-rot.  scab,  and  cur- 

culio  of  peaches ...-  440  10,12-13, 

21-40 

solutions,  kinds,  formulas,  and  uses 435  13-14, 15 

Live  stock,  feed,  value  of  oats 436  27-29 

management  and  feeding,  tenant  farm 437  10-11 

Shenandoah  Valley  farm,  inventory,  pasture  area,  etc  . .  432  15 

Louisiana,  anthrax  scourge  and  control 439  14 

Lyssophobia,  pseudo-rabies,  remarks  on  case 449  14-15 

Machine  handling,  adaptability  of  grain  sorghums 448  31-34 

Machinery,  cost,  etc.,  Shenandoah  Valley  farm 432  27-28 

Madder,  field,  description  of  seed,  occurrence  in  alfalfa,  clover,  and 

grasses 428  28 

Maggot,  onion,  control 434  23 

Maize.    See  Corn, 
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facts 
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LTHMMi.  crop?',  value  to  alkali  poil.  . 

use  in  j^rowin^  toniat(M»>« 

Manures,  preen,  for  hurley. . 
oatH,  in  South.  .  . . 

use  in  barley  jjrowiii^ 

Marketing  canned  peaches 

egj?s  through  the  creamery 

onion  sets • 

Marl,  use  as  substitute  for  lime  in  peanut  growing 

Maryland,  tenant  farming,  a  system  and  its  resul' 

Mashing  process  in  alcohol  manufacture,  details. 

Mayweed  seed,  descrii)tion,  occurrence  in  clover  and  gru-<  <ec<i .  . . 

McNair.  a.  D.,  and  W.  B.   Mkrcikr.   bulletin  on  *'Lespedeza  <>r 

Jaoan  clover" 

Meaaow  fesctie.     See  Fescue,  meadow 

Meat ,  market  classes  and  grades 

transmission  of  rabies 

Mercier,  W.  I}.,  and  A.  D.  McNair,  bulletin  on  "Lespodoza  -it 

Japan  clover  " 

Mildew.  |X)wdery,  barley  di^iease,  de«cnption.  etc 

Milk,  skim,  use  in  feeding  calves. 

transmission  of  rabies 

Millet  seed,  testing  methods,  occutm 
Millets,  alkali  resistance 

Milo,  description,  use,  acreage,  yield, 
See  also  iSorghuni.  e:rain. 


M>n  N  ii.  itiiiKMiii  Mil      ii,il,i«.s  (»r  hydroj)h(>bia  "'. 

■^oil.  relation  to  alkali  n-sistance  of  plants 

y. .  analyses,  and  alcohol  yield  per  ton 

Mosquito  bites,  pnjtection  agai-ist.  and  remedies 

larvae,  destruction  by  treatment  <.f  l.r^-cdinL'  nla 

traps,  directions  for  making  . . 
Mosquitoes,  breeding  habits  and  place- 
malarial 
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remedies  and  preventives. 

Moth,  angouraois  grain,  injury  to  barley,  ( -unroi 

stored  grain,  description,  control 

methods,  etc 

Mustard  seeds,  description,  occurrence  in  grain  and  flax  seeds 

wild,  adulterant  of  rape,  note 

Mutton,  market  classes  and  grades 

Muzzling  dogs  for  prevention  of  rabie- 

New  York,  cabbage  area,  noi< 

Nitrogen  extraction  by  lespede/.a 

gathering,  u.'^efulness  of  i>eanut  plant 

Nurse  crop,  value  of  barley 

Oat  straw,  value  as  stock  feed,  et< 
Oats  crop,  improvement,  methods. 

feeding  value 

production,  Southern  States,  1900  lt>O0.a(  reage,  yield,  value,  eii_ 

comparison    with    com 
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Oats,  seeu,  e it'll iiiiig.  ^uiaumg,  Lifaiiiiy,  eu; 436  19 

testing  methods,  occurrence  of  weed  seeds,  etc 428  45 

seeding,  comparison  of  spring  and  fall 436  6-9 

sowing  with  barley,  experiments,  yields,  etc 443  42 

spring  seeding ' 436  24 

use  in  alcohol  manufacture,  limitations 429  17 

value  as  hay,  pastiu-e,  cover  crop,  nurse  crop,  etc 436  29-30 

wild,  description  of  seeds,  occurrence  in  grain  and  grass  seeds. .  428  18 

^\dnter,  for  South : 436  1-32 

yields,  comparison  with  other  cereals,  1866-1905 443  41 

Oil,  peanut,  manufacture  and  use 431  33 

Onion  bulbs  for  seed,  production,  selection,  and  care 434  6-7 

growing,  tools,  description 434  15, 16 

maggof.  control 434  23 

seed-  and  sets,  home  procMction 434  1-24 

See  also  Seed,  onion, 
sets.     See  Sets,  onion. 

•smut,  description  and  control 434  22-23 

thrips,  control 434  23-24 

Onions,  '  *  top, ' '  propagation  and  use 434  21 

Orchard  grass  seed,  adulteration,  note 428  7 

testing  methods,  occm-rence  of  weed  seeds,  etc..  428  38-39 

Shenandoah  Valley  farm,  description,  care,  yield,  etc 432  14-15 

Oxtongue  seed,   description,  occurrence  in  European  alfalfa  and 

clover  seed 428  28 

Panama,  mosquito  destruction,  larvicide  used 444  14-15 

Paralysis,  bees,  description 442  21 

Pasteur  institutes,  rabies  treatment,  results,  etc 449  17-19 

investigation  of  anthrax,  and  vaccination  experiment 439  6, 12 

Pasture  crop,  value  of  barley 427  12 

Pasturage,  value  of  lespedeza 441  6-8 

Peach,  brown-rot.  nature,  cause,  iniurv,  control  methods,  etc 440  7-10, 

38-40 

canning,  principles 7-8 

scab,  economic  importance,  nature,  cause,  control  methods, 

etc ' 440  10-13, 

38-40 

Peach-canning  industry,  extent  and  location 426  6-7 

Peaches,  canned,  grades 426  19 

marketing 426  26 

cannine,  handling  and  preparation  of  fruit 426  19-25 

on  the  farm 426  1-26 

packed  in  different  States,  quantity  and  value 426  7 

poor  grades,  canning  for  market 426  6 

spraying  for  brown-rot,  scab,  and  curculio,  control 440  1-40 

Peanut,  climatic  "requirements 431  7 

cultivation,  harvesting,  marketing,  etc 431  1-39 

diseases 431  37—38 

insects,  remarks 431  37 

map  showing  area  in  United  States 431  7 

Peanuts,  varieties,  descriptions,  etc 431  26-30 

Peas,  Canada  field,  alkali  resistance 446    14, 15,  24 

Pennsylvania,  cabbage  area 433  5 

Pennycress  seeds,  description,  occurrence  in  grain  and  flaxseed 428  20 

Peppergrass,  field,  description,  occurrence  in  farm  seeds 428  20 

seeds,  description,  occurrence  in  gardens,  meadows,  etc.  428  25 

Petroleum,  use  in  control  of  mosquitoes 444     12, 13, 14 

Phillips,  E.  F.,  bulletin  on  "Bees" 447  1-48 

' '  The  treatment  of  bee  diseases  " 442  1-22 

Phosphate,  rock,  use  in  barley  growing 443  15 

Pickler  onions,  description  and  use 434     15,  21,  24 

Pigs,  housing,  cost  per  litter 438  9-10 

Pigweed  seeds,  description,  occurrence  in  farm  seeds 428  24-25 

Pimpernel,  red,  description  of  seed,  occurrence  in  alfalfa  and  grass 

seed 428  26 
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Vvmerv 
DtllleUK 

Plantain,  rat-tail,  deecription  of  seeds,  occurrence  in  clover  and  gnwH 

seeds 42^ 

seed,  description,  occurrence  in  alfalfa,  clover,  and  graaB 

< 1  4'N 

Planti^,  di  

Plowing,  !  land  for  barley  crop . 

ii,  etc.,  for  peanut.s i.i 

Plnm  cur.  -  iptioii.  hi«torv.  hn'>it«,  injury  to  fruit,  ou  \  im 

V  ■  ■ 


Poultry  f» 


I'' 


lium,  formula,  etc. 


Poverty  weed  om-d,  deticriplion,  tx:currence  in  alfalfa  ^eed 

Primro?»f\  ovoning,  description  of  food,  orourronro  in  clover  and 

till  ] 

Psci  1  remarks  on  case 

PucciiiKi  (jniiniTiis  hordci.     i9cc  Rusl,  i»;iri«*\. 

simplex.     Sec  Rust,  barley. 
Pyrethrum  powders,  use  as  smudge  against  mosquitoes 


429 

19  20 

448 

11-12 
2f) 

42S 
449 

2t3 
14-15 

Quack  grass  seeds,  description,  occurrence  in  grain  and  grass  seed.  . . 
QuAiNTANCE,   A.   L.,   and   W.   M.   Scott,   bulletin  on   "Spraying 

peaches  for  the  control  of  brown-rot.  scab,  and  nirnilio" 

Queen  bees,  introduction  into  hiv< 
Quinine,  use  again«t  malaria 


Rabies,  causo . 

di" 

dlMiiinumii  ami   |'m- n  an-ii' f.  . . 

fatality  of  the  diyea.«o 

nature,  symptoms,  eradication 

outbreaks 

f>ost-mortem  appearances 

prevention  and  eradicatioi 

symptoms 

Ragweed  seeds,  description,  occurrence  m 
Rape,  alkali  resistance 


IS 


etc. 


cram  and  red  clover  seed.-^ . 


seed,  testing  methods,  occurrence  of  weed  seeds,  etc. 

Redtop  and  lespedeza,  combination  for  hay 

seed,  testing  methods,  occurrence  of  weed  seed?,  et< 

Rice,  alkali  resl'^tance  and  value  as  reclamation  crop 

Roots,  composition  and  value  in  alcohol  manufacture. 

Rotation,  barley  with  other  crops,  yields,  etc 

crop,  four-year  and  five-year  systems,  descripuoi 

peanut.'^  with  other  crops 

Rotations,  lespedeza,  com,  oats,  and  cotton,  direction'^ 
Roughage,  fertilizing  value  when  returned  to  soil 

Russian  thistle  seeds,  description,  occurrence  in  alfalfa  and  flax  seeds 

Rust,  barley,  causes  and  prevention 

description,  control  methods,  etc... 

injury  to  oat  crop  in  South 

Rye,  conn      " 

yiel 

Rye-graS.S,   l^li-iiMi.  aMuiit.-ialn   ui  ^ia.-'>  .-«-c-u> 

Salad,  wild  com,  description  of  seed,  occurrence  in  clover. 
Saltbush,  wild,  description  of  seeds,  occurrence  in  alfalfa. . 
Saltbushes,  alkali  resi^lance,  and  value  as  soil  indicator  ... 
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Salt-grass,  alkali  resistance,  and  value  as  soil  indicator 446 

Sand-bur  seeds,  description,  occurrence  in  alfalfa  seed 428 

Sawyer,  H.  E.,  and  H.  W.  Wiley,  bulletin  on  "Industrial alcohol".  429 
Scab,  peach,  economic  importance,  nature,  cause,  control  methods, 

etc 440 

Schools,  rural,  testing  farm  seeds,  etc 428 

Sclerotinia  fructigena.     See  Brown-rot,  peach. 

Scott,   W.   M.,   and  A.   L.   Quaintance,   bulletin  on   "Spraying 

peaches  for  the  control  of  bro^\^l-rot,  scab,  and  curculio  " 440 

Screens  against  mosquitoes,  directions  for  use 444 

Sedge  seeds,  description,  occurrence  in  grass  seeds 428 

Seed,  adulteration,  practices 428 

barley,  pure,  introduction  and  distribution 443 

cabbage 433 

lespedeza,  harvesting,  cleaning,  and  yield 441 

onion,  for  onion-set  growing 434 

growing,  harvesting,  curing,  and  thrashing 434 

home  production 434 

quantity  per  acre,  and  methods  of  sowing 434 

yield  per  acre,  and  value 434 

peanut,  selection,  improvement,  and  planting 431 

sorghum.     See  Sorghum  seed. 

tests,  purpose 428 

trade,  conditions 428 

value,  determination  methods 428 

Seeding  barley  crop 427 

time,  rate,  method,  depth,  etc 443 

winter  oats  in  South,  time,  method,  rate,  etc 436 

Seeds,  farm,  impurities 428 

testing  in  the  home  and  in  the  rural  school 428 

forage  crop,  distinguishing  characters 428 

kinds  especially  needing  testing 428 

leguminous,  characteristics 428 

of  noxious  weeds  found  in  farm  seeds 428 

testing,  apparatus  and  methods 428 

educational  value 428 

Seedsmen,  Southern,  statements  concerning  barley 427 

Serum,  anthrax,  preparation  and  use 439 

Sets,  onion,  growing,   soil   preparation,    planting,    cultivation,   har- 
vesting, etc 434 

storing  and  shipping , 434 

yield  per  acre 434 
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l-STING  FARM  SEEDS  IN  THE  HOME  AND 
IN  THE  RURAE  SCHOOL 


INTRODXJCTION. 

Pr()t:jrossivo  farmors  wlio  rccojj^nizo  the  importance  of  hotter  and 
more  profit a})le  crop  ])roiluction  are  beconiinj]j  convinced  that  the 
(luality  of  the  seed  used  is  worthy  of  careful  attention. 

The  results  of  seed  tests  made  at  the  Department  of  Agriculture 
iiul  at  the  state  experiment  stations  show  that  certain  kinus  of  farm 
>eeds  in  which  there  is  an  active  trade  and  a  strong  competition  are 
oft^n  seriously  adulterated,  the  effect  being  that  tlie  farmer  buying 
such  seed  gains  a  disa])p()inting  ex})erience  instead  of  a  satisfactory 
crop.  Again,  the  seed  of  certain  farm  crops  is  often  mixed  with  seed 
f  especially  noxious  weeds,  necessitating  labor  and  expense  in  pre- 
\  (>ntmg  permanent  injurs^  to  the  farm.  Seed  may  have  a  low  germi- 
nating power  due  to  age  or  to  unfavorable  conditions  of  develo])ment 
or  of  harvesting.  Seed  of  clovers  and  of  alfalfa  found  on  the  market 
sometimes  comes  from  foreign  regions  possessing  a  less  rigorous 
<  limate  than  that  under  which  the  seed  would  be  growTi  in  this 
i>untrv.  For  this  reason  such  seed  is  undesirable.  These  results  of 
tests  made  in  the  laboratory  are  fully  corroborated  by  the  experiences 
of  farmers  engaged  in  growing  crops. 

The  popular  agitation  within  recent  years  in  the  interest  of  better 
seed  has  nrought  about  some  change  in  trade  conditions,  but  much 
room  for  improvement  still  remains.  While  a  few  States  now  have 
laws  pertaining  to  poor  seed,  there  is  no  Federal  law  preventing  the 
imj)ortati()n  of  poor  seed  or  its  distribution  by  interstate  traflic.  In 
conseq^uence  of  this,  protection  in  seed  buying  is  very  largely  a  matter 
of  business  acumen  on  the  ])art  of  the  individual  purchaser,  which 
becomes  very  important  when  the  purchaser  is  also  the  consumer. 

In  the  matter  of  seed  buying  the  Dest  protection  to  the  purchaser  is 
believed  to  be  self-protection  based  on  the  ability  to  judge  the 
quality  of  the  seed  offered.  This  belief  is  supported  by  the  fact  that 
it  is  both  possible  and  practicable  for  bu^^ers  or  consumers  of  seeds 
to  determine  very  accurately  their  quality. 

The  purpose  of  this  bulletin  is  to  encourage  seed  testing  in  the  farm 
home  and  in  the  rural  school  by  explaining  the  essential  features  of 
seed  testing  as  it  relates  to  farm  seeds  and  bv  showing  how  satisfac- 
tory tests  can  be  made  by  simple  means.  'The  expense  involved  is 
slight  and,  considering  the  little  effort  and  time  recj^uired,  is  thoroughlv 
justified  by  the  practical  information  to  be  gained.  The  writer^s 
observation  of  the  readiness  with  which  beginners  have  qualified 
428  3 


4  TESTING   FARM   SEEDS. 

themselves  for  making  such  tests  under  instruction  scarcely  more 
favorable  than  that  offered  here,  satisfies  him  of  the  absence  of  any 
valid  reason  why  farmers  should  not  protect  themselves  from  the  use 
of  poor  seed. 

An  important  advantage  of  making  tests  at  home  is  that  the  time 
required  to  get  a  report  on  a  sample  of  seed  sent  to  Washington  or  to 
an  experiment  station  for  test  is  saved.  This  obstacle  removed,  a 
practical  examination  or  test  will  often  be  made,  when  if  the  seed 

must  be  sent  away  it  will  be  bought 


^^        ^^  untested.     Furthermore,  a  purchas- 

VHf         ^^^  er's  order  from  sample  is  much  more 

^  likely  to  be  filled  from  the  seed  actu- 


,^3^-!^      ^p     ^HIL.  ^^^y  ref)resented  by  the  sample  if  the 

^       m£^m       b      ^^^^  delay  in  sending    away  for   a   test 

9      ^fK^                ^^^^  report  is  avoided. 

*    ^  Jf^^%   ^  Seed  testing  is  admirabty  adapted 

^k    dk          W\^r  ^^^  practical  exercise  work  in  rural 

^^     l^r             ail        ^  schools  giving  instruction  in  elemen- 

^^'  tary  agriculture.     It  is  easily  carried 

Fig.  1.— Seeds  of  clover  dodder  (b)  and  red  r..^  nf  onv  oonann  nf  fViA  -\7-par  nnrl 
clover  (a),  showing  relative  sizes.  (Enlarged.)      ^^    ^}    ^^>     SCaSOU    01    tUC    year    aUCl 

requires  but  little  outlay  for  appa- 
ratus or  working  material.  If  tests  are  made  of  seed  of  interest  at  the 
time  in  the  homes  of  the  pupils,  the  results  may  be  of  very  practical 
service.  A  study  of  farm  seeds  and  their  impurities  tends  to  interest 
pupils  in  crops  and  weeds  and  in  their  interrelation  on  the  farm. 

SEED  TRADE   CONDITIONS. 

GENERAL  STATEMENT. 

Most  of  the  undesirable  conditions  exhibited  by  seed  which  make 
seed  testing  necessary  are  the  ^.^         ^^         ^ 

result    of    trade    influences.  ^        W       ^ 

The  responsibility  for  these  "  ^ 

conditions     doubtless     rests  -  ..  ->,^       .>^ 

fully  as  much  with  the  mass 
of   consumers  who    demand 
low-priced  seed  as  with  the 
dealers  who  cater  to  this  de- 
mand.    The  trade   has   em-  u  ^ 
ployed  various  means  to  meet      i            t;%  ® 
the    demand   for  low-priced     K^^,  /    ^                  a     ^h 
seed.      Large     importations       ^'"^  ^^                          ^^'     v 
are  made  of  the  same  kinds                   '                                       ---w*^-^ 

e  J      !,•   1  1  1  •  Fig.  2. — Seeds  of  clover  dodder  (b)  and  alfalfa  (a),  show- 

01  seed  which  are  produced  m  ing  relative  sizes.    (Enlarged.) 

and  are  exported  from   this 

country.  The  imported  seed  can  be  sold  cheaper  than  that  which  is 
exported.  Grades  of  seed  which  are  practically  unsalable  in  Europe 
find  a  ready  market  here  because  the  better  American-grown  seed  is 
commonly  considered  too  high  priced.  Various  forms  of  seed  adul- 
teration have  long  been  practiced,  and  seed  ill  adapted  to  our  climatic 
conditions  has  often  been  sold.  The  results  have  been  frequent 
failure  of  crops,  an  excessive  cost  of  the  actually  good  seed,  and  a 
wider  distribution  of  many  kinds  of  foreign  weeds  than  by  any  other 
means.  A  general  understanding  of  these  conditions  as  they  relate 
to  particular  kinds  of  seeds  is  helpful  in  making  tests. 
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APPLICATION  TO  KINDS  OF   SEEDS. 


Red  clover  and 
ijnportcd.   chit'dv 


alfalfa   is 
aninialiv,    ami 


and 


ff^.^C? 


% 


yL 


Fio.  3.— Mixture  of  seeds  of  red  clover  (a) 
foil  (b).  The  clover  seeds  are  more  or 
those  of  trefoil  ovul,  and  usually  with  a 
tion  beside  the  scar  notch.    (Enlarged.) 


alfalfa. — Sood  of  both  rod  riovor 
from  Europo,  in  lar<;(»  (plant it  ios 
jnucii  of  it  is  low  in  quality. 
Such  low-grado  seed  is  usu- 
ally very  weedy.  The  im- 
ported red  clover  seed  is 
often  a  »;rade  of  small-seeded 
screenin<^s  which  carries  a 
class  of  weed  seeils  rarely 
found  in  a  larj^e-seeded  <jrade 
of  clover  seed.  Such  low- 
grade  seed  carries  seed  of 
clover  dodder  in  nearly  every 
instance,  while  American- 
grown  clover  seed  practically 
never  carries  this  kind  of 
dodder  seed.  (See  fig.  1.) 
Shriveled  alfalfa-seed  screen- 
ings containing  very  little, 
if  any,  good  seed  are  some- 
times imported.  Such  mate- 
rial can  serve  only  as  an 
adulterant.  Cheap  imported 
alfalfa  seed  usually  carries  clover  dodder  while  American  seed  is 
free  from  it.  (See  fig.  2.)  Again,  buckhom,  wild  carrot,  and  wild 
chicor}'  seeds  are  nearly  always  found  in  the  cheap  alfalfa  seed  from 
Europe,  while  they  do  not  appear  in  most  lots  of  American  seed. 

Both  red  clover  seed  and 
alfalfa  seed  are  subject  to 
adulteration  with  yellow 
trefoil  seed.  (See  figs.  3 
and  4.)  Alfalfa  seed,  fur- 
thermore, is  adulterated 
with  sweet  clover  seed 
(fig.  5)  and  w^ith  seed  of 
the  bur  clovers.  (See  fig. 
6.)  Seed  of  red  clover, 
alfalfa,  and  crimson  clover 
from  the  warmer  parts  of 
Europe  is  from  a  tenderer 
strain  of  plants  than  is 
demanded  in  most  parts 
of  this  country.  Experi- 
ments have  shown  that, 
as  a  rule,  such  seed  can 
not  compete  in  crop  pro- 
duction with  domestic 
seed. 

Considerable  red  clover  seed  has  been  imported  from  Chile  within 

recent  years.     This  seed  is  the  best  appearing  clover  seed  in  our 

market,  and  authentic  reports  show  that  it  has  proved  productive  in 

various  localities  extending  from  Canada  nearly  to  the  Gulf  States. 
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Fio.  4.— Mixture  of  seeds  of  alfalfa  (a")  nnd 
Alfalfa  seeds  are  more  or  less    k: 
while   those  of  trefoil  are  more 
the  small  projection  at  the  scar   : 
(Enlarged.) 


■How  frofoll  fb). 
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Fig.  5.— Mixture  of  seeds  of  alfalfa  (a)  and  sweet  clover  (b).  The 
elliptical  form  of  the  sweet  clover  sepds,  which  have  the  scar 
notch  near  one  end,  together  with  their  uneven  surfaces,  serves 
to  distinguish  them  from  the  more  nearly  kidney-shaped  and 
smoother  alfalfa  seeds.    (Enlarged.) 


Nearly  every  lot  of  this  seed  that  has  come  under  our  observation, 
however,  has  been  badly  infested  with  an  unusually  destructive 
strain  of  field  dodder  seed  (fig.  7). 

Alsike  clover. — Seed  of  alsike  clover  is  produced  in  the  Northern 

States,  but  much  of 
that  in  the  market  is 
imported  from  Canada. 
Very  little  is  imported 

^^^1^      i^^^  flBk  ^^        ^BP     ^i;o^    Europe.      Cana- 

^aSMm      ^jg^^  ^^k   •  ^8^      dian  seed,  and  doubt- 

^^^        •    ^  ^^n  .^9sa>y       less  some  of  that  pro- 

duced in  the  United 
States,  often  contains 
much  Canada  tliistle 

•    ^^  ^JfU    ^^^B  seed  —  more,   indeed, 

a    jjBjf^k     ^^W      tH^^  than   is   found  in  any 

mSBs9     ^J^  I,  ^^       other  kind  of  farm  seed. 

^Hil^^  *(N»w  .JIV       Yellow  trefoil  seed  com- 

monly appears  in  alsike 
seed,  sometimes  to  the 
extent  of  severe  adul- 
teration. Low  -  ^rade, 
weedy,  and  shriveled 
screenings  are  some- 
times used  as  an  adul- 
terant. (See  fig.  8.) 
Several  of  the  commoner  kinds  of  weed  seeds  found  in  alsike  clover 
seed  are  very  detrimental.  Some  lots  of  alsike  seed  consist  largely 
of  timothy,  which  amounts  to  an  adulterant  if  the  mixture  is  sold  at 
the  price  of  pure  alsike 

seed.     This  mixture  is       €^<r^      .<^^?-^  f^       f'^'^'^^ 

poor  seed  to  sow  if  alsike 
seed  production  is  con- 
templated;  the  two 
crops  ripen  together 
and  their  seed  can  not 
be  wholly  separated. 

Old  stocks  of  seed  of 
the  clovers  and  of  alfalfa 
having  low  vitaHty  are 
often  mixed  with  new 
seed.  Such  seed  is  some- 
times oiled  and  rubbed 
to  give  it  the  appear- 
ance of  freshness. 

Grass  seeds. — The 
seeds  of  grasses  are  sub- 
ject to  various  condi- 
tions tending  to  reduce 
their  quality.  Adulter- 
ation with  old  seed  or  chaff  of  the  same  kind  or  with  the  very  similar 
appearing  seeds  of  other  kinds  is  often  practiced  and  readily  escapes 
detection  by  both  retail  dealers  and  consumers.  Accidental  mis- 
branding of  grass  seed  in  the  trade  is  doubtless  not  uncommon. 
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Fig.  6.— Mixture  of  seeds  of  alfalfa  (a),  toothed  bur  clover  (b),  and 
spotted  bur  clover  (c).  Note  the  larger  size  of  the  bur  clover 
seeds,  also  the  kidney  shape  of  the  spotted  bur  clover  seeds, 
which  have  the  scar  near  the  smaller  encl.    (Enlarged.) 
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KiMituckv   l)lii(»«^rnss   soo<l   is  often   adultoratod   with   tlic  similar 
Camula  l)liu'*j:rass  st»o(l  or  svvd  of  tin*  latt(»r  is  siil)stitiito(l  for  the  for- 
mer.     (See  lifi:.  9.)     Apiin,  Koiituckv  l)liie«^nuss  se<»(l  often  liius  low 
gerniinatinj;  ])ower,  ownijjj  to  improper  mit  I  i.x  Is  employed  i"  '"tiixr 
and  it  is  commonly  very  ohairy. 

Orchard  jjrass  seed  is  adulterated   wiili   >fcd  of  meadow    i.  .<  ur. 
p]n«^lish  rye-t^rass,  or  with  both.     (See  iij^.  10.) 

Seed  of  meadow  fescue,  or  Knjj:lish         ^a**^  iffPilV 

l)lue<;rass.  is   adidterated  Avith  seed         v3^  v^^^    ^ft 

of   the   ])ereniiial,   or   Kn<j:lisli,    rye-  ^*^^ /S^       VBUjjp    <^P 

grass  and  with  orchard  <;rass  chaff.  ^^   mMjg  ^^     «     ^^^ 

(Seoi\^r,  10.)  0  ^  9 

Ent^lish    rye-gnvss    seeds    and    w  ith     %SA      ^       ^^^^  ^^ 
chess,  or  cheat.     (Sec  ii^'.  11.)     The       ^liP  ■      "^ 

latter  ht\s  even  passed  in  the  trade     fiq.  y.-swds  of  fipi.i  dodder  (bi 

as  Ilunj^'arian  hrome  seed.  I'S./*^'  '''"'"'"^   ''^'''*''''"  '*' 

Redtop  seed  appears  in  the  market 
in  three  grades,  "recleaned"  (or  '*solid"), ''unhulled,"  and  "chair" 
redtop.  The  latter  is  very  misleading,  since  it  sometimes  contains 
practically  no  good  seed.  The  recleaned  grade  sometimes  contains 
considerable  timothy,  which  is  inexcusable  unless  sold  as  mixed  red- 
toj)  and  timothy. 


Awnless    (or    llun<^arian)    brome-  -^-^         a^ 

grass  {Bromus  inermw)  seed  is  adul-  b       ^3 

^ 


terated    with    meadow   fescue    and 


#    /.5a.  ^    ^       ^ 


0^#>».a.?l.^ 


Fio.  8.— Mixture  of  weed  seeds  commonly  found  In  low-grade  alsike  clover  seed:  a,  Alsike  clover:  b. 
white  clover:  c.  r«d  clover;  d,  yellow  trefoil:  e.  C:in:i<I,i  tlilstl.-:  f,  iio(  k  g.  sorrrl:  h.  buckhom;  i,  rat-tall 
plantain:  k.  hi!  rs:  I,  shepher  :  :;;  ii  ile;  O,  white  campion; 

p,  niKht-flo\v<  •  ;  q,  oxeye  'i  :  :  t,  two  kln<ls  of  pep- 

perpruss:  u,  rn.    ■      v     imothy;!,  cli  y  'lo<l(k>r;  1,  mouse-ear 

chickweed;  2,  kuot-ijruis;  8,  tumbling  amari^uth,   4,  rough  amaruulh;  5,  healall;  6,  lady's-thumb. 
(Enlarged.)  ' 

Rape,  vetch,  and  flax. — Winter  rape  seed  is  liable  to  contain  seed  of 
the  summer  rape  (bird  rape),  an  annual  variety  of  rape  not  adapted 
to  the  forage  purposes  of  the  winter  rape.  Seed  of  eitner  winter  rape 
or  summer  rape  may  contain  the  seed  of  various  wild  mustards, 
especially  that  of  English  mustard,  or  wild  charlock.     (See  fig.  17,  t.) 
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Winter  (or  hairy)  vetch  seed  often  contains  seed  of  various  varieties 
of  spring  vetch,  from  which  it  should  be  free. 

Considerable  flax  seed  is  imported  from  Russia  mixed  with  many 

impurities,  including  seed  of 
the  flax  dodder,  a  kind 
of  dodder  particularly  de- 
structive to  flax.  (See  fig. 
12.)  Seed  from  certain  re- 
gions of  production  in  this 
country  is  free  from  this 
dodder,  false  flax  seed,  and 
other  impurities. 

APPRECIATION  OF  GOOD 
SEED  NECESSARY. 

These  and  other  condi- 
tions of  the  seed  trade  oper- 
ating against  the  use  of  the 
best  seed  have  long  pre- 
vailed in  this  country. 
They  are  likely  to  continue, 
largely  irrespective  of  laws 
to  the  contrary,  until  con- 
sumers generally  come  to 
appreciate  and  accept  only  good  seed.  Consumers  will  need  to  know 
good  seed  from  poor  and  to  understand  that  the  legitimate  price  of 
good  seed  is  actually  lower  than  the  corresponding  price  of  poor  seed 


Fig.  9.— Mixture  of  seeds  of  Kentucky  bluegrass  (a)  and 
Canada  bluegrass  (b).  The  Kentucky  bluegrass  seeds 
are  broadest  at  the  center,  pointed,  and  have  a  distinct 
ridge  on  each  side.  Canada  bluegrass  seeds  are  mostly 
broadest  near  one  end,  blunt,  and  smooth  on  the  sides. 
(Enlarged.) 


Fig.  10.— Mixture  of  seeds  of  orchard  grass  (a),  meadow  fescue  (b),  and  English  rye-grass  (c).  The  orchard 
grass  seeds  are  distinguished  from  the  others  by  their  slender,  curved  form.  The  meadow  fescue  and 
rye-grass  seeds  are  distinguished  by  the  difference  in  the  section  of  the  seed-cluster  axis  (rachilla  segment) 
which  each  bears.    (Enlarged.) 

which  costs  relatively  more  to  market,  although  the  original  cost  to 
the  dealer  may  be  lower  than  that  of  high-grade  seed. 
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PURPOSE  OF  SEED  TESTS. 

The  purpose  of  making  tosts  of  farm  sood  is  to  doloct  the  uiulesir- 
ablo  coruiitioiis  airoctiii*;  the  seed  which  have  been  referred  to  in 
precedinij  paragraphs.  Sucli  tests  shoidd  he  mach'  early  enouj^h  in 
the  season  to  allow  ample  time  to  obtain  other  samples  or  to  biiv 


Fio.  11.— Mixture  of  seeds  of  awnless  brome-prass  Ca),  meadow  fescue  (b).  English  rye-grass  (c),  and  chess, 
or  cheat  (d).  The  brome-grass  seeds  are  distinguished  l)v  their  greater  length  ancl  flattened  form.  The 
seeds  of  chess  (d)  are  somewhat  cylindrical,  due  to  being  "folded  lengthwise.  They  are  thus  thicker  than 
the  awnless  bronie-grass  seed  and  sometimes  are  awned.    (Enlarged.) 

additional  seed  if  the  tests  lead  merely  to  providing  for  foreign  matter 
by  sowino:  a  larger  quantity  of  seed. 

The  seed  of  most  of  the  farm  crops  can  be  recognized  with  certainty 
under  careful  examination  as  to  its  particular  kind.  Seed  of  different 
varieties  of  a  kind  as  a  rule  can 
not  be  distinguished  in  this  way. 
For  example,  red  clover  seed 
can  be  distinguished  from  other 
seeds,  but  the  medium  and 
mammoth  varieties  of  red  clo- 
ver can  not  be  distinguished 
b^  their  seeds.  Seeds  of  vari- 
eties of  individual  kinds  of 
plants  usually  must  be  grown 
to  insure  varietal  determina- 
tion. This  is  not  a  part  of  the 
usual  seed  test. 

The  first  object  of  the  test, 
excepting  with  respect  to  varieties,  is  to  find  out  if  the  seed  is  true 
to  name. 

The  seed  of  certain  farm  crops  is  rarely  free  from  all  impurities. 
Miscellaneous  impurities  may  appear  or  some  one  kind  of  foreign  seed 
may  be  present  as  an  adulterant.  Old  seed  of  the  same  kind  as  the 
crojp  seed  may  constitute  an  adulterant,  a  fact  which  becomes  appar- 
ent in  the  germination  test. 
65995°— Bull.  428—11 2 


Fio.  12.— Seeds  of  flax  dodder  (b  double,  c  single) 
and  of  fla.x  (a),  showing  relative  sizes.  (En- 
larged.) 
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A  second  object  of  the  test  is  to  show  if  the  seed  has  been  intention- 
ally adulterated. 

The  miscellaneous  impurities  of  seeds  are  classified  (1)  as  inert 
material  incapable  of  growing,  and  (2)  as  foreign  seed  which  may  be 
capable  of  growing  and  producing  plants. 

A  third  object  of  the  test  is  to  show  the  relative  proportions  of 
comparatively  harmless  inert  material  and  of  possibly  noxious  foreign 
seed  in  the  sample. 

The  foreign  seeds  in  a  sample,  consisting  usually  of  various  kinds  of 
weed  seeds,  may  not  amount  to  much  in  quantity,  but  their  noxious 
character  may  make  them  very  important. 

A  fourth  object  of  the  test  is  to  disclose  the  presence  of  especially 
noxious  weed  seeds,  as  dodder,  dock,  thistle,  etc. 

A  fifth  object  of  the  test  of  seeds  in  which  the  region  of  production 
is  a  matter  of  importance  is  to  show,  if  possible,  by  the  nature  of  its 
impurities,  the  probable  source  of  the  seed  or  to  show  if  it  is  a  mixture 
of  domestic  and  foreign-grown  seed. 

A  sixth  object  is  found  in  the  germination  test,  showing  how  much 
of  the  seed  is  capable  of  growing  under  favorable  conditions.  The 
energy  with  which  the  seed  sprouts  is  to  be  considered.  With  new 
clover  and  alfalfa  seed  the  amount  of  ^^hard  seed,"  or  seed  which 
absorbs  moisture  slowly  and  therefore  sprouts  tardily,  is  to  be  noted 
and  allow^ed  for  in  using  the  seed. 

The  objects  thus  enumerated  relate  particularly  to  the  seed  of  mis- 
cellaneous forage  crops.  Interest  in  the  seed  of  the  cereals  and  corn 
centers  chiefly  in  the  germination  test  with  respect  to  the  extent  and 
character  of  the  sprouting. 

SEEDS  ESPECIALLY  NEEDING  TO  BE  TESTED. 

While  all  kinds  of  farm  seeds  may  be  subjected  to  a  test  of  one  kind 
or  another,  the  seeds  of  the  crops  in  most  general  use  and  which  it  is 
especially  desirable  to  have  tested  represent  the  true  clovers  (as  red, 
alsike,  and  crimson),  alfalfa,  certain  grasses  (as  timothy,  orchard 
grass,  fescue  grass,  bluegrass,  brome-grass,  and  the  millets),  cereals, 
rape,  flax,  vetch,  and  corn.  The  reason  for  this  selection  is  that 
much  of  the  seed  of  the  crops  enumerated,  except  cereals  and  corn, 
is  imported,  and  widely  variable  grades  are  on  the  market.  The 
magnitude  of  the  trade  in  this  class  of  seeds  shows  that  the  majority 
of  farmers  do  not  depend  on  domestic  production  for  the  seed  they 
use.  It  is  probable  that  the  prevalence  of  foreign-grown  seed  in  the 
market  is  not  generally  recognized  by  farmers  in  localities  where 
locally  grown  seed  is  ordinarily  used. 

EASE  OF  MAKING  PRACTICAL   TESTS. 

Seed  tests  sufficiently  accurate  to  answer  all  practical  purposes  can 
be  made  by  a  beginner  with  a  little  practice.  Certain  time-consuming 
and  exacting  features  of  detail  in  making  official  tests  at  Washington 
or  at  an  experiment  station  are  often  unnecessary  in  making  tests  for 
the  facts  of  most  practical  importance. 

By  providing  the  apparatus  and  following  the  directions  for  making 
tests  suggested  in  the  following  pages  and  by  using  the  illustrations 
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in  compnrinjx  sooils  of  (lilToivnt  kinds  ono  can  soon  boromo  snflicicntly 
cx])ert  to  f(M»l  rortsonablo  coniidcnco  in  his  a})ility  to  aV'M<l  rrr<»rs  nf 
importance.  .  *  •  .' 

Tlio  yonn^er  niembors  of  the  homo  circh*  shoi«ld'fkid  sIj  ..   ...... 

comparativoTv  easy  to  accomplish  and  interesting  as'.v^Il.  Thii*tc>>t- 
ing  of  locally  grown  seed  wonld  be  assisted  by  the  VJoa':»K5;'!ion''.f  A 
correctly  named  set  of  the  seeds  of  crops  and  of  weeds  prevailing  in 
the  vicinity. 

When  tlie  work  is  done  in  the  school,  samples  of  seed  df  ibttl 
interest  and  o])tainable  at  the  homes  of  the  pupils  mav  be  ilsi*r!' 
Tliis  tends  to  impress  the  ]ni])ils  (and  their  parents  as  well)  with  tlK> 
innnediate  utility  of  the  work.  If  suitable  seed  is  not  obtaina))h^ 
locally,  sam|)les  rej)resenting  dilferent  grades  can  be  obtained  from 
dealers.  Tlie  boys  can  make  the  balance  here  described.  Several 
bahmces  may  be  made  and  their  efficiency  compared.  The  successful 
making  of  such  a])])anitus  luis  a  distinct  educational  value  of  its  own. 
One  j)U]>il  nuiy  be  authorized  to  procure  the  magnifiers  re(juired; 
another  nu\y  be  delegated  to  provide  one  or  more  ])late  germinators 
or  to  make  the  corn-germinating  box.  Germination  tests  nuule  in 
cloth,  paper,  sand,  and  soil  nuiy  be  compared,  showing  the  effect  of 
surrounding  conditions.  Such  actual  practice  makes  the  puj)il  do 
and  tliink  and  iits  him  to  master  corresponding  but  more  comi)lex 
problems  later. 

APPARATUS    USED    IN    MAKING    TESTS. 

The  need  of  apparatus. — Only  such  apparatus  is  needed  in  making 
practical  seed  tests  as  enables  one  to  use  a  weighed  quantity  of  seed 
from  the  sample,  to  separate  the  pure  seed  from  the  foreign  seeds 
and  other  impurities,  to  distinguish  the  character  of  the  foreign  seeds, 
and  to  make  the  germination  test. 

It  is  imnortant  to  use  a  weighed  quantity  of  seed  in  the  test, 
because  only  in  this  way  can  one  determine  the  relative  quantity 
or  percentage  of  pure  seed  as  compared  with  the  quantity  of  the 
impurities.  This  requires  a  balance  sufficiently  sensitive  to  be  moved 
by  a  small  weight,  such  as  that  of  a  few  clover  seeds.  This  sensi- 
tiveness is  necessary,  because  onlv  a  small  sample  of  seed  can  be  used 
in  the  test.  A  large  sample  would  require  too  much  time  and  labor. 
For  this  reason  only  small  samples  are  used  in  making  official  tests 
of  seeds. 

The  absence  heretofore  of  a  readily  available,  effective  balance 
suited  to  this  work  doubtless  has  been  the  chief  bar  to  the  popular- 
izing of  farm  and  rural-school  seed  testing.  Expensive  chemical  bal- 
ances are  used  in  making  official  tests,  and  the  cheaper  balances  on 
the  market  cost  from  $10  to  $35 — an  expense  beyond  the  reach  of 
the  mass  of  consumers  who  should  profit  hy  practical  seed  tests. 

The  balance. — A  simple,  efficient  nalance  can  be  made  by  any  boy 
or  tjirl  at  all  familiar  with  the  use  of  a  few  common  tools.  The  gen- 
eral construction  is  clearly  shown  in  figure  13,  to  which  the  letters 
used  in  the  following  description  refer: 

The  balance  consists  of  a  nexagonal,  or  six-sided,  pencil  (a)  notched 
as  nearly  as  possible  in  the  center  and  halfway  through  the  lead. 
Make  a  rather  wide  V-«haped  notch.     Half  of  a  similar  pencil  is 
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notched  likewise  at  its  center,, care  being  taken  that  the  angle  at  the 
apex  or  ^' bottom  "of  the  notch  is  made  narrow,  straight,  and  smooth. 
At  this-p.oirjrt  the 'balance  rests  on  the  small  blade  of  a  knife,  as  shown 
in  tlie  figure.  ^^'^Th^  blade  must  not  bind  and  the  pencils  must  swing 
on  ■  it's '  edge  ^Vith  the  least  possible  friction.  The  two  pencils  are 
hrrtiry  rubber^banded  together  so  that  the  two  notches  form  an  open- 
ing nearh^  square  between  the  pencils.  Near  each  end  of  the  long 
pencil  and  on  its  notched  side  make  a  shallow  hole  (c)  by  boring  into 


-«> 


^^-^ 


Fig.  13. — A  simple  balance  used  in  making  the  purity  test  of  seeds:  a,  Six-sided  pencil,  full  length,  and  a 
half-length  pencil  bound  to  the  long  pencil  by  rubber  bands;  c,  shallow  holes  near  the  ends  of  the  long 
pencil;  d,  reference  mark  common  to  both  pencils  at  a  convenient  point  on  the  line  where  they  meet; 
e,  trays  for  holding  the  seed  and  the  weights,  the  upper  one  showing  the  under  side;  f,  bluntly  pointed 
end  of  the  wire  adapted  to  fit  loosely  in  one  of  the  holes  (c);  g,  wire  bent  beneath  the  tray  to  hold  it  in 
position;  h,  piece  of  gummed  paper  holding  the  wire  to  the  tray;  i,  hole  at  proper  distance  from  the 
center  of  the  tray  where  the  wire  pierces  it;  j,  thin  piece  of  board  holding  the  parts  of  the  balance  in  posi- 
tion; k,  the  block  of  wood  holding  the  knife  handle  at  proper  level;  1,  darning  needle  serving  as  a  pomter 
as  the  pencils  oscillate  in  weighing;  m,  pin  marking  the  position  of  the  head  of  the  needle  when  the  trays 
are  properly  balanced  before  and  at  the  close  of  weighing;  n,  "rider,"  or  wire  staple,  so  placed  as  to  bal- 
ance the  trays  when  empty;  o,  series  of  selected  BB  shots  used  as  weights;  whole  ones  are  flattened  to 
prevent  rolling;  others  are  cut  into  halves,  quarters,  eighths,  and  sixteenths,  and  selected  with  reference 
to  the  equality  of  their  weights. 

the  wood  with  a  hard  pencil  having  a  smooth,  slightly  blunt  point. 
In  order  that  the  balance  may  operate  properly  the  apex  of  the  notch 
in  the  short  pencil — that  is,  the  point  which  rests  on  the  knife-edge — 
must  be  exactly  midway  between  the  holes  in  the  ends  of  the  long 
pencil.  Slide  the  short  pencil  along  the  other  till  it  is  in  proper  posi- 
tion, then  with  the  point  of  the  knife-blade  cut  a  mark  (d)  common 
to  both  pencils  on  the  line  where  they  touch.  The  rubber  bands 
should  prevent  the  pencils  from  slipping  when  in  use,  but  the  mark 
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will  show  if  they  do  slin.  Two  similar  trays  (e)  arc  hung  from  the 
ends  of  the  lon»r  pencil.  They  consist  of  circular  pieces  of  stiflish 
cardboard  about  2  inches  in  diameter  suspended  by  means  of  wires 
curved  in  iL^hhook  form,  the  points  of  the  hooks  resiiu^r  ^vithin  the 
holes  (c)  previously  made  in  the  pencil  ends.  The  points  of  the 
hooks  (f)  are  bluntly  and  smoothly  pointed,  so  as  not  to  l)ind  in  tho 
lioles.  Beneath  the  travs  the  wires  (g)  are  bent  to  hold  the  trays  in 
level  position,  and  arc  held  to  tho  tray  by  pieces  of  j^ummed  paper 
(h).  The  illustration  shows  the  trays  as  flat  pieces  of  cardboard.  It 
is  better  to  cut  the  trays  from  the  edj^e  to  the  center,  then  lap  the  two 
cut  edj^es  and  ^lue  them  fast,  thus  makin«;  a  shallow  dish.  The  wire 
(g)  beneath  the  tray  is  then  j)referably  bent  in  circular  form.  Bal- 
ancing^ the  tray  hook  on  the  iin<rer  shows  the  pnmer  bendin;^  of  the 
wire  where  it  ])ierces  the  cardboard  (i)  to  nuike  the  tray  han^  level. 
A  triaui^ular  piece  of  thin  board  (j),  as  a  ci^ar-box  cover,  serves  to 
hokl  the  knife  blade  in  position.  A  block  (k)  holds  the  knife  handle. 
The  knife  is  set  hi^rh  enough  to  permit  the  trays  to  han<^  about  one- 
lialf  inch  above  the  surface  on  which  the  balance  rests.  For  the  pur- 
pose of  showin*^  sli<,dit  movements  of  the  balance  in  exact  weij^hing, 
a  darnin<;  needle  (1)  is  set  in  the  top  of  the  short  pencil  directly  over 
the  knife-edge  and  at  right  angles  to  the  pencil.  A  pin  (m)  is  placed 
in  the  board  directly  over  the  point  where  the  knife  point  pierces  it 
and  just  above  the  end  of  the  needle.  When  the  device  is  properly 
balancetl  the  end  of  the  needle  will  stand  at  rest  directly  under  the 
pin.  It  probably  will  not  balance  until  a  staple  of  wire  (n)  is  placed 
over  the  pencils  in  proper  position  on  one  side  of  the  knife  blade  or  on 
the  other  as  a  counterweight.  This  completes  the  construction,  and 
when  properlv  mounted  the  balance  should  oscillate  freely  by  the 
slightest  touch.  As  the  trays  are  likeh'  to  be  interchanged  in  use  it 
is  advisable  to  mark  each,  placing  corresponding  marks  on  the  ends 
of  the  pencil  at  which  the  trays  preferably  belong. 

In  nuiking  seed  tests  we  may  use  common  BB  shots  (whole  and 
fractional)  for  weights.  This  is  because  we  wish  to  know  only  the 
comparative  weights  of  the  pure  seed  and  of  the  foreign  seed  and  other 
impurities  in  the  sample.  Thus  if  we  test  an  amount  of  seed,  bal- 
ancing ten  shots,  and  find  that  the  weed  seeds  it  contains  just  balance 
one  shot,  it  is  evident  that  one-tenth  of  the  original  seed,  or  10  per 
cent,  consists  of  impurities.  In  other  words,  90  per  cent  (or  90 
pounds  of  each  100  pounds)  of  the  original  seed  is  pure  seed.  In 
usin<?  a  ])alance  so  sensitive  as  the  one  described  a  single  BB  shot  is 
too  heavy  for  use  as  the  lightest  weight.  We  need  a  weight  to  be 
balanced  by  only  a  few  clover  seeds  at  most.  Very  small  shot  is 
troublesome  to  handle  and  count,  so  we  use  the  larger  BB  shots, 
flattening  the  whole  ones  to  prevent  them  from  rolling,  and  cutting 
some  into  halves,  quarters,  eighths,  and  sixteenths.  By  careful  selec- 
tion according  to  weight  a  fairly  uniform  series  (o)  of  whole  and  frac- 
tional shots  can  be  provided.  Now,  the  weight  of  one-sixteenth  shot 
is  1  per  cent  of  the  weight  of  6J  shots,  because  6\  equals  100^  16. 
So  if  we  test  a  sample  of  seed  balancing  6}  shots  any  impurity  bal- 
ancing the  Yff-shot  weight  represents  1  per  cent  of  the  sample  tested. 
If  the  sample  is  twice  as  heavy,  balancing  12^  shots,  tne  -jV-shot 
weight  represents  one-half  of  1  per  cent  of  the  whole. 

It  is  evident,  therefore,  that  the  means  described  enables  one  to 
determine  the  quantity  of  pure  seed  or  of  impurities  in  a  sample  to 
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within  1  per  cent,  or  even  one-half  of  1  per  cent  of  the  true  quantity. 
This  is  sufficiently  close  for  the  practical  seed  testing  under  dis- 
cussion. 

The  forceps. — A  pair  of  forceps  is  very  useful  in  picking  up  the 
small  weights  used  with  the  balance,  also  individual  seeds.  Suitable 
forceps  may  be  made  of  two  thin  pieces  of  hickory  wood  separated 
by  a  piece  of  wood  to  which  one  end  of  each  piece  is  fastened.  The 
free  ends  are  flattened  and  pointed.  A  piece  of  spring  wire  bent  in 
U  shape  and  having  flattened  and  pointed  ends  serves  very  well  as 
forceps. 

The  magnifiers. — After  the  seed  to  be  tested  has  been  properly 
weighed  it  is  to  be  separated  into  pure  seed  and  foreign  seed  or  other 
impurities.  This  requires  a  magnifier.  Very  coarse  seed^such  as 
that  of  wheat,  oats,  flax,  etc. — can  usually  be  examined  by  tlw  aid 
of  an  ordinary  reading  glass,  which  is  to  be  found  in  many  homes  or 
can  be  bought  at  a  cost  of  SI  to  S2.  Clover  seed,  alfalfa  seed,  and  the 
grass  seeds  require  a  magnifier  of  higher  power.  A  very  satisfactory 
magnifier  of    this  kind  is  the  tripod  magnifier,  shown  in  figure  14. 

With  it  one  can  distinguish  all  the 
kinds  of  crop  seeds  and  practically 
all  the  different  kinds  of  adulterants 
and  weed  seeds.  This  magnifier  is 
sold  by  opticians,  stationers,  and 
druggists  generally  throughout  the 
country  at  prices  ranging  from  50 
to  75  cents. 

The  paper  tray. — Seed  is  examined 
l)est  over  white  paper,  and  in  order 
to  prevent  the  loss  of  seed  from  a 
weighed  sample  a  paper  tray  is 
useful.  Such  a  tray  is  made  from 
stiifish  white  paper,  as  a  sheet  of 
heavy  letter  paper.  The  edges  of 
the  sheet  on  all  four  sides  should  be 
folded  over,  making  a  rim  one- 
fourth  inch  wide.  Folding  the 
edges  over  the  straight  angular  edge  of  some  convenient  object 
largely  prevents  the  paper  from  warping  and  makes  it  easier  to  use. 
Cutting  off  one  corner  permits  the  seed  to  be  poured  easily  from  the 
tray. 

The  germinator. — Figure  15,  showing  the  simple  plate  germinator, 
is  self-explanatory.  Either  blotting  paper  or  cloth  may  be  used  to 
receive  the  seed.  Clean  sand  may  be  preferable  for  some  kinds  of 
seed.  A  germinator  of  this  description  is  most  useful  in  testing 
forage-crop  seeds  or  seeds  of  cereals.  In  testing  corn  the  sand-box 
method;  described  in  Farmers'  Bulletin  409,  entitled  ''School  Les- 
sons on  Corn,"  is  very  satisfactory,  or  the  cloth  method  may  be 
employed.  This  method  makes  use  of  a  box  of  convenient  size,  say 
20  inches  square,  interior  dimensions,  and  2  or  3  inches  deep.  The 
seed  is  placed  on  white  cloth,  preferably  Canton  flannel,  which  is 
cross  marked  on  the  smooth  side  with  distinct  pencil  lines  in  2-inch 
squares.  The  required  moisture  is  held  by  extra  thicknesses  of  cloth 
or  by  clean  sand  beneath  the  cloth,  forming  a  layer  about  an  inch 


Fig.  14.— Magnifying  glass. 
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thick  over  tlio  bottom  of  tho  box.  If  Canton  flannel  (which  comes 
27  inches  wide)  is  to  be  used  instead  of  sand,  the  box  may  i)e  made 
ntUTOwer  than  suj^wsted,  say  12  inches,  thus  allowing  for  folding  the 
cloth  and  for  shrink a«j:e. 

DISTINGUISHING    CHARACTEKS    OF    SEEDS. 


Safeguarding  against  deception.  -One  of  the  first  steps  in  testing 
seeds  of  \\w  ionv^o  crops  is  to  determine  if  the  sample  is  true  to  name, 
and  it  is  necessary  that  these  kinds  of  seeds  be  recognize<l  with  cer- 
tainty. While  most  farmers,  a.s  a  rule,  can  recognize  red  clover  seed, 
for  example,  when  they  see  it  in  bulk,  it  is  not  so  certain  that  they 
would  recognize  individual  seeds  of  red  clover  under  all  conditions, 
as  one  must  in  making  tests  of  this  seed.  Again,  alfalfa  seed  in  bulk 
is  recognized  by  most  farmers,  because  they  contrast  it  with  red, 
alsike,  and  white  clover  seed  with  which  they  are  familiar  as  these 
seeds  appear  in   bulk.       It  is   a 

?[uestion,  however,  if  the  average 
armer  would  detect  yellow  trefoil 
seed  in  bulk  or  sweet  clover  seed 
in  bulk  were  it  not  for  the  char- 
acteristic odor  of  the  latter.  Bur 
clover  seed  would  be  found  even 
more  deceiving. 

The  chances  for  deception  are 
even  greater  with  grass  seeds  than 
with  clover  seeds,  because  of  the 
striking  similarity  between  the 
seeds  of  different  kinds  when  seen 
in  bulk.  This  similarity  and  the 
fact  that  mere  casual  examina- 
tion is  usually  given  seed  by 
purchasers  makes  adulteration, 
substitution,  and  misbranding 
possible. 

The  remedy  lies  in  familiarity 
with  the  distinguishing  characters 

of  individual  seeds.  By  comparing  seeds  of  the  several  kinds  with  the 
illustrations  and  descriptions  here  given  one  should  be  able  to  distin- 
guish them  individually  without  much  difhculty. 

Leguminous  seeds. — All  the  true  clovers  (as  red,  alsike,  white,  and 
crimson),  alfalfa,  the  vetches,  trefoil,  sw^eet  clover,  and  bur  clover, 
produce  seeds  in  a  pod  which  (except  in  trefoil,  sw^eet  clover,  and  bur 
clover)  opens  at  maturity.  In  red  clover,  trefoil,  and  sweet  clover 
a  single  seed  is  produced  in  each  pod.  Consequently,  the  seeds 
of  each  kind  are  very  similar  in  form.  (See  figs.  22,  23,  and  27.) 
Alfalfa  and  bur  clover  produce  several  seeds  in  a  spiral  pod,  result- 
ing in  considerable  variation  in  the  form  and  size  or  individual 
seeds.  (See  figs.  6  and  26.)  Seeds  of  the  true  clovers,  alfalfa, 
trefoil,  bur  clovers,  and  sweet  clover  are  more  or  less  flattened  and 
(excepting  crimson  clover)  are  notched  in  the  edge.  Within  this 
notch  the  seed  scar,  or  point  of  attachment  to  the  plant,  appears  as 
a  small  but  distinct  ring.  (See  fi^s.  22  and  26.)  In  the  more  or  less 
spherical  seeds  of  the  vetches  the  scar  is  an  oval,  wedge-shaped,. 
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or  slender  spot  on  the  curved  surface.  (See  fig.  32.)  In  this  class 
of  seeds  the  scar  is  an  important  mark  of  distinction.  In  several 
of  the  small-seeded  kinds  of  leguminous  plants  occasional  pods 
appear  even  in  well-cleaned  lots  of  seed.     (See  figs.  22,  23,  and  27.) 

Most  of  the  grass  seeds,  also  oats  and  barley,  appear  '^in  the  chaff," 
that  is,  the  grains  or  kernels  of  the  seed,  illustrated  by  the  kernels  of 
wheat  and  the  hulled  seeds  of  timothy,  are  usually  covered  by  the 
dried  chaffy  flower  scales.  (See  fig.  16.)  The  difference  in  size,  form, 
and  structure  of  this  chaff  marks  the  different  kinds  of  grass  seeds. 

Seeds  of  the  grasses. — Grass  seeds  are  produced  in  clusters  (spike- 
lets)  .  Some  clusters  contain  several  seecls  arranged  along  a  common 
axis  (rachilla).  At  maturity  the  clusters  break  apart,  each  seed  car- 
rying a  piece  of  the  cluster  axis  (rachilla  segment).  Such  seeds  have 
two  chaff  scales,  one  (the  lemma)  larger  than  the  other  (the  palet  or 
palea).     (See  ^g.  16.)     Examples  of  this  class  of  grass  seeds  are  found 

in  orchard  grass,  meadow  fes- 


l\t. 


cue,  rye -grass,  brome- grass, 
A  ^.\  ,.^  /j|      f^         and  in  the  bluegrasses.     (See 

M  'ID     m~^     ^^^'   ^^  ^^^  ^'^     ^^  another 

*  '"^  ^  ■     •^'"         class  of  grasses  each  cluster 

contains  but  a  single  seed 
which,  therefore,  has  no  ra- 
chilla segment.  The  seeds  of 
broom-corn  (or  grain)  millet 
are  a  good  example  of  this 
class,  the  seed  scales,  lemma, 
and  palea  being  hard,  smooth, 
and  shining.  (See  fig.  31,  a.) 
Part  of  the  seed  of  foxtail  mil- 
let, Japanese  millet,  and  the 
foxtail  weeds  differs  structur- 
ally from  the  last  only  in  be- 
ing covered  by  two  or  three 
additional  chaffy  scales,  which  constitute  the  ''outer  chaff."  (See 
fig.  31,  b  and  c.) 

These  features  of  form  and  structure  are  easily  recognized  when 
representative  seeds  come  to  be  compared  under  a  magnifier,  and  it 
is  advisable  to  understand  them  in  making  tests  of  clover  and  grass 
seeds,  because  the  element  of  certainty  is  essential  to  satisfactory 
results. 


Fig.  16.— a  spikelet  and  florets  ("seeds")  of  Kentucky 
bluegrass:  a,  Spikelet  as  it  appears  at  maturity;  b,  the 
same  having  the  florets  spread  apart,  showing  the 
jointed  rachilla;  c,  back  view  of  a  floret,  showing  the 
lemma  (1 ) ;  d,  front  view  of  the  floret,  showing  the  edges 
of  the  lemma  (l),thepalet(2),and  the  rachilla  segment 
(3);  e,  the  grain  or  kernel  of  the  seed. 


IMPURITIES  OF  FARM  SEEDS. 


CLASSIFICATION. 


The  impurities  carried  by  farm  seeds  have  an  important  bearing 
on  the  real  quality  of  the  seed.  Their  quantity  may  be  sufficient 
to  unduly  increase  the  cost  of  the  good  seed  and  their  character  may 
be  that  of  injurious  weeds. 

Seed  impurities  are  classified  (1)  as  inert  material  and  (2)  as  foreign 
seed,  including  both  other  crop  seed  and  weed  seeds. 
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INERT  MATERIAL 

llM-    iliril     liiauliJii    ronstitlltos    esscntiall\     >m  n    imjxil  II  irs    MS    \mII 

not  p*ow  (cxclusivo  of  (load  seed),  as  chair,  onipty  seod  hulls,  brokcMi 
good,  nieces  of  sttMus  and  h'avcs.  sand,  dust,  etc.  The  diief  objection 
to  such  material  is  that  it  rei)hices  <joo(l  seed,  thus  increasing  the  cost. 
In  jxrass  seed  the  inert  chali  niishMids  by  causin*^  tlie  seed  to  present 
a  better  appearance  than  its  quahty  justifies,  as  in  blue«(niss  seed  and 
chair  redtop  seed.  As  compared  with  weed  seeds,  mert  material 
is  of  minor  importance,  a  fact  not  to  bo  overlooked  in  the  purclnise 
and  use  of  seed.  The  practical  seed  test  should  point  out  dearly 
the  relative  importance  of  the  inert  matter  and  ot  the  weed  .seeJa 
found  in  the  sample. 

OTHER  CROP  SEEDS. 

Seed  of  various  farm  crops  sometimes  constitutes  a  part  of  the 
foreign  seed.  Its  proportion  as  compared  ^\^th  the  weed  seed  should 
be  notetl  in  makin<;  the  purity  test.  The  importance  to  be  attached 
to  the  occurrence  of  sucli  crop  seed  depends  on  its  nature;  for  illus- 
tration, the  presence  of  timothy  seed  is  detrimental  to  alsike  clover 
seed  used  with  a  view  to  alsike  seed  j)ro(luction,  while  for  hay  pro- 
duction a  mixture  of  timothy  and  alsike  seed  often  is  preferable. 

WEED-SEED  IMPURITIES. 
Quantity  and  Kinds  of  Weed  Seeds. 

Very  few  samples  of  forage-crop  seeds  are  found  wholly  free  from 
weed  seeds.  The  methods  of  culture  and  of  harvesting  in  vogue 
operate  against  a  })ure  seed  crop.  The  nroportion  of  the  weed  seeds 
appearing  incidentally  in  the  marketed  seed  is  denendent  on  the 
numl)er  and  character  of  the  weeds  in  the  seed-prooucing  crop  and 
the  extent  to  which  the  seed  has  been  cleaned  before  being  marketed. 

Weed  seeds  orcurrino;  in  farm  seed  are  of  interest  to  the  buyer  of 
seed  (1)  in  respect  to  tlieir  total  quantity  and  (2)  in  respect  to  their 
kinds.  In  many  instances  low-grade  seed  contains  so  much  weed 
seed  that  the  quantity  of  the  crop  seed  is  thereby  greatly  reduced  in  a 

fiven  weight  of  seecf.  Of  the  kinds  of  weed  seeds  300  to  400  are 
nown  to  occur  in  the  various  kinds  of  the  common  crop  seeds. 
Occasionally  from  75  to  100  kinds  of  weed  seeds  are  to  be  found  in  a 
single  sample  of  red  clover  or  alfalfa  seed  not  exceeding  a  few  ounces  in 
weight.  In  some  instances  one  or  more  kinds  of  weed  seed  are  very 
abundant  in  the  sample.  As  a  rule,  however,  most  of  the  kintls  are 
repi'esented  by  only  a  few  seeds. 

The  important  question  in  regard  to  the  kinds  of  weed  seeds  found 
in  crop  seed  is  whether  the  plants  they  produce  are  injurious  or  rela- 
tively imimportant.  Some  of  the  weed  seeds  commonly  found  in  seed 
Sroduce  plants  which  are  very  detrimental  to  the  crop  or  to  the  land. 
Iveryone  making  te^ts  of  seed  should  become  familiar  with  the  seeds 
of  injurious  weeds.  Most  of  the  weed  seeds  found  in  making  t^sts  are 
seeds  of  comparatively  harmless  plants,  and  their  recognition  as  to 
kind  becomes  more  a  matter  of  interest  than  one  of  practical  imi)or- 
tance. 
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Certain  kinds  of  crop  seeds,  as  clover,  alfalfa,  awnless  brome-grass, 
etc.,  are  supplied  to  the  American  market  from  both  foreign  and 
domestic  sources.  Since  domestic  seed  is  generally  preferable  to  that 
which  is  imported,  the  source  of  the  seed  as  indicated  by  the  weed 
seeds  it  contains  gives  an  added  interest  to  some  kinds  of  weed  seeds. 
Thus  the  presence  of  seeds  of  perhaps  several  kinds  of  native  weeds 
in  a  sample  of  clover  seed  or  of  alfalfa  seed,  together  with  the  absence 
of  seeds  commonly  found  in  imported  seed,  practically  amounts  to 
proof  of  its  domestic  production.  Foreign  production  is  strongly 
suggested  by  reverse  conditions.  Many  kinds  of  weed  seeds  found  in 
imported  seed  grow  and  produce  plants  in  this  country,  it  is  true,  but 
the  growth  or  seed  production  of  the  plants  is  so  meager  or  is  so 
restricted  to  certain  localities  that  their  seeds  rarely  or  never  appear 
in  the  American-grown  seed  crop.  When  such  seeds  appear  as  several 
kinds  together,  or  in  abundance,  they  practically  prove  the  foreign 
origin  of  the  seed  containing  them. 

The  illustrations  of  weed  seeds  presented  here  show  the  seeds  classi- 
fied (1)  as  noxious  weed  seeds  found  in  farm  seeds  (figs.  17  and  18)  and 
(2)  as  other  weed  seeds  commonly  found  in  farm  seeds  (figs.  19,  20, 
and  21).  The  figures,  together  with  the  brief  descriptions  of  distin- 
guishing characters,  should  enable  one  readily  to  recognize  these 
seeds  when  examined  with  a  magnifier.  Weed  seeds  that  are  found 
with  the  several  kinds  of  clover,  grass,  and  cereal  seeds  are  men- 
tioned under  the  subsequent  discussion  of  the  testing  of  these  crop 
seeds. 

Noxious  Weed  Seeds  Found  in  Farm  Seeds. 

The  following  brief  descriptions  point  out  the  most  conspicuous 
distinctions  between  the  seecls  of  various  noxious  weeds.  They  only 
supplement  the  illustrations  to  which  they  refer  and  which  show  the 
general  form  and  structure  and  the  natural  size  of  the  seeds.  The 
serial  order  is  employed  for  ready  reference  in  the  subsequent  discus- 
sion of  testing  particular  kinds  of  seeds. 

The  seeds  of  sand  bur  (fig.  17,  a)  have  somewhat  the  appearance  of  small  wheat  ker- 
nels, usually  light  brown  or  straw  colored;  common  in  alfalfa  seed  from  the  Great 
Basin  region.    The  spiny  burs  of  this  grass  reduce  the  feeding  quality  of  alfalfa  hay. 

The  seeds  of  wild  oats  (fig.  17,  b)  are  similar  to  seeds  of  cultivated  oats,  but  always 
have  a  twisted  and  bent,  brown  or  straw-colored  awn  (sometimes  broken  away)  from 
near  the  middle,  a  tuft  of  light-brown  hairs  on  the  rachilla  segment  and  about  the 
characteristic,  cup-shaped  rim  of  the  scar  at  the  base  of  the  seed;  widely  distributed 
and  common  in  seeds  of  cereals  (especially  oats)  and  large-seeded  grasses. 

Chess  (or  cheat)  seeds  (fig.  17,  c)  are  straw  colored,  sometimes  greenish  or  brown 
when  in  the  chaff  (as  figured),  the  awn  at  the  apex  often  broken  away,  the  club-shaped 
form  of  the  rachilla  segment  distinguishing  this  from  cultivated  grass  seeds;  common 
in  seeds  of  cereals  and  large-seeded  grasses  generally;  the  reddish-brown,  trough- 
shaped  free  grains  sometimes  appear  in  clover  seed . 

Darnel  seeds  (fig.  17,  d)  are  robust,  straw  colored,  and  in  the  absence  of  the  slender 
awn  somewhat  resemble  large  seeds  of  meadow  fescue  and  English  rye-grass;  common 
in  seed  of  cereals,  particularly  wheat. 

Quack  (or  couch)  grass  seeds  (fig.  17,  e)  closely  resembles  fescue  and  rye-grass  seeds, 
but  they  are  usually  slenderer,  light  (or  yellowish),  sometimes  greenish  colored; 
whole  spikelets  having  the  two  empty  scales  noticeably  joined  at  the  same  level  at 
the  base  of  the  spikelet  (thus  differing  from  most  grass  spikelets)  are  invariably  found 
with  the  individual  seeds.  Commonly  found  in  seeds  of  cereals  and  the  coarse  grasses, 
especially  in  the  seed  of  awnless  brome-grass  imported  from  Europe. 

Dock  seeds  (fig.  17,  f)  are  sharply  3-angled,  reddish  brown,  smooth,  and  shining; 
one  of  the  commonest  of  the  weed  seeds  of  farm  seeds  generally,  the  reddish-brown 
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Fio.  17.— Noxious  weed  seeds  found  in  fann  seeds  (No.  1):  a,  Sand  bur;  b,  wild  oat;  c,  eliess:  d,  darnel;  e, 

3ua<k-Kr;i-  ;  f.  <I<).  k:  g,  1)l:uk  bindweed;  h,  Russian  thistle;  I,  com  cockle;  j,  while  campion;  k,  blad- 
er  I 
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k  bindweed;  h,  Russian  thistle;  I,  com  cockle;  j,  while  campion;  k,  blad- 
ing CHtchfly;  m,  cow  cockle;  n,  pennycress;  o,  field  pepperprass;  p,  large- 
iiited  false  flax;  r,  ball  mustard;  i,  black  mustard;  t,  English  charlock. 


is  removed;  the  outer  straw-colored,  greenish,  or  brown  covering  (flower  scales)  mav 
be  present  or  partly  or  wholly  broken  away;  common  in  all  kinds  of  coarse  fann  seeds 
from  all  sources,  particularly  in  seed  of  cereals,  millet,  and  flax. 

Russian  thistle  seeds  (fig.  17,  h)  o<-cur  both  with  and  without  the  gray  or  light-brown 
hull  (flower  scales);  the  seeds  proper  have  a  thin  coat  covering  the  slender  spirally 
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coiled,  greenish  embryo;  common  in  alfalfa  seed  from  the  Western  States  and  in 
flaxseed;  doubtless  occasionally  introduced  in  seed  from  Russia.  As  an  impurity  of 
alfalfa  seed  it  strongly  suggests  Western  States  production. 

The  seeds  of  corn  cockle  (fig.  17,  i)  are  black  or  brown,  angular,  and  covered  with 
fine  spiny  tubercles;  common  in  seed  of  cereals,  millets,  vetches,  and  flax  from  all 
sources. 

White  campion  seeds  (fig.  17,  j)  are  mostly  light  gray,  the  surface  finely  tubercled, 
the  light  color  distinguishing  this  kind  from  the  next  two;  common  in  imported 
crimson  clover  and  grass  seeds;  sometimes  found  in  red  clover  seed. 

Bladder  campion  seeds  (fig.  17,  k)  are  brown  or  nearly  black,  flattened,  finely 
tubercled,  the  tubercles  arranged  in  more  or  less  distinct  rows  on  the  sides  and  in 
more  distinct  rows  on  the  edges;  occurs  frequently  in  imported  grass  seed  and  is 
sometimes  abundant  in  seed  of  red  and  alsike  clovers  grown  in  the  Northern  States 
and  in  Canada. 

Night-flowering  catchfly  seeds  (fig.  17,  1)  are  similar  to  the  preceding,  dark  gray  or 
brown,  finely  tubercled,  the  tubercles  not  in  distinct  rows  on  the  sides;  very  com- 
mon and  often  abundant  in  seed  of  red  and  alsike  clovers  grown  in  the  Northern 
States  and  in  Canada.  Careful  comparison  of  seeds  with  the  illustrations  (fig.  17,  j,  k, 
and  1;  fig.  19,  t)  will  enable  one  to  distinguish  the  similar  seeds  of  this  group  of  weeds. 
Figure  19,  t,  shows  the  seed  of  the  forked  catchfly,  which  is  common  in  low-grade 
European  red  clover  and  alfalfa  seed. 

The  seeds  of  cow  cockle  (fig.  17,  m)  are  almost  perfectly  spherical,  black,  the  sur- 
face covered  with  fine  tubercular  points;  very  common  in  seeds  of  cereals  from  the 
West  and  Northwest;  also  in  millet  and  flax  seeds,  sometimes  in  imported  coarse 
seeds;  broken  seeds  often  occur  in  alfalfa  seed  from  the  Western  States,  thus  indicating 
its  source. 

Pennycress  (or  Frenchweed)  seeds  (fig.  17,  n)  are  oval,  flattened,  brown,  and  have 
concentric  ridges  on  the  sides;  often  found  in  both  domestic  and  imported  seed  of 
cereals,  clovers,  millets,  and  flax.     This  is  a  dreaded  weed  in  the  Northwestern  States. 

Field  peppergrass  seeds  (fig.  17,  o)  are  reddish  brown,  oval,  smooth,  and  show  a 
ciu-ved  line  on  each  side;  common  in  domestic  and  imported  seed  of  various  clovers, 
grasses,  and  cereals. 

False  flax  seeds  (fig.  17,  p  and  q)  as  found  in  farm  seeds  represent  two  kinds  of  false 
flax  (plants  in  no  way  related  to  the  true  flax).  Seeds  of  the  large-fruited  false  flax 
(fig.  17,  p)  are  light  yellow  and  much  larger  than  those  of  the  other  kind;  very  com- 
mon in  flax  seed  (hence  the  common  name);  also,  in  millet  and  sometimes  in  alfalfa 
seed;  common  in  coarse  farm  seeds  from  Russia.  Seeds  of  small-fruited  false  flax 
(|ig.  17,  q)  are  much  smaller  than  the  others,  and  darker,  being  reddish  yellow;  com- 
mon in  Canadian  red  and  alsike  clovers  and  timothy  seed. 

Ball  mustard  seeds  (fig.  17,  r)  are  unopened,  straw-colored,  brown  or  purplish  pods, 
having  a  network  of  ridges  over  the  surface  and  containing  a  single  yellomsh  seed 
within;  found  in  seed  of  cereals,  millets,  and  flax;  sometimes  in  imported  seed. 
This  is  a  troublesome  weed  in  certain  sections  of  the  Northern  States. 

Black  mustard  seeds  (fig.  17,  s)  are  small,  commonly  somewhat  oblong,  and  reddish 
brown  or  dark  brown,  sometimes  gray,  surface  pitted,  due  to  a  network  of  ridges; 
taste  distinctly  pungent;  sometimes  found  in  clover  and  grass  seeds. 

English  charlock,  or  wild  mustard,  seeds  (fig.  17,  t)  are  almost  spherical,  slightly 
variable  in  size,  black,  reddish  brown,  or  sometimes  light  brown,  the  surface  com- 
paratively smooth,  which  distinguishes  this  seed  from  seed  of  other  mustards  and 
rape ;  taste  somewhat  pungent ;  a  frequent  impurity  of  nearly  all  the  common  clover, 
grass,  and  cereal  seeds;  sometimes  an  adulterant  of  rape  seed. 

Indian  (or  brown)  mustard  seeds  (fig.  18,  a)  are  oblong-spherical,  averaging  larger 
than  those  of  charlock,  light-reddish  brown,  the  surface  having  a  distinct  network  of 
fine  ridges;  taste  not  pungent;  occurring  chiefly  in  seeds  of  cereals,  millets,  and 
flax;  common  in  imported  flax  seed;  sometimes  mixed  with  rape  seed. 

Hare's-ear  mustard  seeds  (fig.  18,  b)  are  oblong,  surface  granular,  dark  brown,  and 
if  placed  in  water  develop  mucilage  which  forms  whitish  projecting  points  over  the 
surface  on  drying;  common  in  seed  of  cereals,  millets,  and  flax;  often  in  imported 
seed.     This  is  an  objectionable  weed  of  the  Northern  States. 

Tumbling  mustard  seeds  (fig.  18,  c)  are  very  small,  flattened,  oblong,  and  yellow- 
ish, often  with  a  greenish  line  along  the  side;  found  in  clover  and  flax  seed  from  the 
Northwest. 

Wild  carrot  seeds  (fig.  18,  d)  are  light  brown,  oval,  flattened,  nearly  plane  on  one 
side  and  ridged  lengthwise  on  the  other,  the  ridges  often  bearing  the  remnants  of 
whitish  spines;  common  in  red  clover  and  in  imported  alfalfa  seeds,  sometimes  found 
in  grass  seed. 
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Field  bindweed  seeds  (fip.  18,  t)  are  roarne,  oval,  roumled  on  one  side  and  ai 
on  the  other,  pray,  owinp  to  numerous  I ij^ht -colored  raised  s|K)ts  on  the  surface, 
nion  in  seeds  of  c(»reals,  in  flax,  and  in  otlier  coarse  seetls. 

Seeds  of  the  dodders  (fig.  18,  f-J)  as  a  proup  arc  rwopnized  by  their  dull,  finely 
nMiphene<l  surface,  together  witli  their  rounded  or  angular  form  and  their  small  size. 
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t,  wild  chicory.    (Enlarged  and  natural  size.) 

rhe  slender  spirally  coiled  embryo  of  the  seed,  devoid  of  two  cotyledons,  is  character- 
istic of  dodder  seed.o 

Flax  dodder  seeds  (fig.  18,  f)  are  rounded  on  one  side  and  angular  on  the  other, 
many  of  the  seeds  united  together  in  pairs;  soiled  ^y  in  color;  found  only  in  flax 
-eed;  common  in  imported  seed  and  in  some  domestic  seed.     (See  fig.  12.) 
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Clover  dodder  seeds  (fig.  18,  g)  are  very  small,  nearly  spherical  as  a  rule,  gray  or 
brown;  often  distinctly  pitted;  common  in  imported  clover  and  alfalfa  seeds;  not 
found  in  grass  seed.     (See  figs.  1  and  2.) 

Small-seeded  alfalfa  dodder  seeds  (fig.  18,  h)  are  similar  in  size  to  seeds  of  clover 
dodder,  but  are  more  oval  and  angular  in  form;  colors  yellowish,  greenish,  or  purplish; 
common  in  alfalfa  seeds  from  the  Western  States.  Of  the  dodders  infesting  alfalfa 
this  is  the  most  widely  distributed  within  the  United  States.  Its  seed  is  not  found 
in  red  clover  or  grass  seeds. 

The  seed  of  clover  dodder  and  small-seeded  alfalfa  dodder  are  sufficiently  small  to 
admit  of  being  wholly  removed  from  clover  or  alfalfa  seed  of  good  grade  by  the  use 
of  a  sieve  of  proper  mesh  (about  20  to  the  inch) .  Clover  dodder  is  a  menace  in  any 
part  of  the  country.  Small-seeded  alfalfa  dodder  appears  to  be  naturally  confined 
to  the  dry  regions  of  the  West. 

Field  dodder  seeds  (fig.  18,  i)  are  larger  than  those  of  clover  or  small-seeded  alfalfa 
dodder,  rounded  on  one  face  and  flattened  and  angular  on  the  other;  the  character- 
istic seed  scar  is  a  more  or  less  distinct,  circular  area  having  a  short,  raised  whitish 
line  in  its  center;  seeds  from  the  Great  Basin  region  gray  or  pinkish,  those  from  Chile 
(evident  in  Chilean  red  clover  and  alfalfa  seed)  reddish  brown;  found  in  both  red 
clover  and  alfalfa  seed,  commonest  in  western-grown  alfalfa  seed  and  in  Chilean  red 
clover  and  alfalfa.     The  plants  are  very  destructive  to  clover  and  alfalfa. 

Large-seeded  alfalfa  dodder  seeds  (fig.  18,  j),  the  largest  of  the  dodders  found  in 
alfalfa,  are  variable  in  size ;  some  are  not  larger  than  and  are  similar  to  the  seeds  of  field 
dodder;  the  largest  are  nearly  circular,  rounded,  and  flattened;  color  gray,  greenish, 
or  more  commonly  brown;  scar  devoid  of  the  raised  whitish  line  to  be  seen  in  field 
dodder  and  often  indistinct;  found  only  in  alfalfa  seed  produced  in  the  Western  States. 
This  dodder  does  not  appear  to  thrive  in  the  Eastern  States.  Field  dodder  and  large- 
seeded  alfalfa  dodder  are  termed  large  seeded  because  their  seeds  can  not  be  wholly 
removed  from  clover  and  alfalfa  seed.  The  greater  part  of  the  field  dodder  can  be 
removed  by  the  use  of  a  sieve  of  20  meshes  to  the  inch. 

Corn  gromwell  seeds  (fig.  18,  k)  are  oval,  gray,  or  brown,  and  being  very  hard  the 
name  "  stoneseed  "  is  often  applied  to  them;  found  in  seed  of  red  and  crimson  clovers, 
alfalfa,  cereals,  grasses,  etc. 

Rat-tail  plantain  seeds  (fi^.  18,  1)  are  small,  flat,  angular,  and  black;  the  scar  in  the 
center  of  one  side;  common  m  seed  of  clovers  and  some  grasses.  Known  also  as  broad- 
leaved  plantain  and  as  Rugel's  plantain;  a  persistent  weed. 

Buckhorn  seeds  (fig.  18,  m)  are  smooth,  shining,  rounded  on  one  side  with  a  deep 
groove  on  the  other,  brown  or  amber  colored,  becoming  coated  with  mucilage  when 
placed  in  water; a  one  of  the  commonest  impurities  of  farm  seeds,  often  very  abun- 
dant in  seed  imported  from  Europe.  Not  abundant  in  alfalfa  seed  produced  in  the 
Western  States.  Known  also  as  plantain,  English  or  narrow-leaved  plantain,  and 
rib-grass. 

Ragweed  seeds  (fig.  18,  n)  as  they  commonly  occur  are  somewhat  top  shaped,  usually 
with  a  crown  of  several  teeth  or  spines;  the  outer  covering  is  often  broken  away,  the 
seed  then  appearing  pear  shaped,  smooth,  and  brown;  common  in  American  red 
clover  and  in  cereal  grain. 

Gumweed  seeds  (fig.  18,  o)  are  whitish  or  straw  colored,  variable  in  form,  sometimes 
wrinkled;  found  chiefly  in  alfalfa  seed  from  the  Western  States. 

Wild  sunflower  seeds  (fig.  18,  p)  have  the  form  and  the  striped,  mottled  appearance 
familiar  in  the  cultivated  sunflower  seeds,  but  are  much  smaller;  common  in  alfalfa 
seed  and  other  seeds  from  the  Western  States. 

Oxeye  daisy  seeds  (fig.  18,  q)  are  very  small,  but  are  readily  distinguished  by  the  10 
slender,  white  ridges  which  extend  from  end  to  end,  one  end  usually  bearing  a  knob- 
like projection;  found  frequently,  but  usually  not  abundant,  in  clover  seed  and  small 
grass  seed. 

Canada  thistle  seeds  (fig.  18,  r)  are  smooth,  light  brown,  straight  or  curved,  having 
a  cuplike  rim  at  one  end,  a  projecting  point  often  within  the  rim;  found  in  clover 
seed,  particularly  alsike  from  Canada;  sometimes  in  seed  of  clover  and  grasses  from 
Europe. 

Bull  thistle  seeds  (fig.  18,  s)  are  larger  than  those  of  the  Canada  thistle,  light  colored, 
striped  lengthwise  with  brown,  the  rim  at  one  end  often  yellowish;  common  in  red 
clover,  alfalfa,  and  grass  seeds. 

Wild  chicory  seeds  (fig.  18,  t)  are  brown  or  straw  colored,  usually  mottled,  the  crown 
scales  at  the  broader  end  sometimes  rubbed  away;  common  in  imported  clover,  alfalfa, 
and  certain  kinds  of  grass  seeds,  occurring  in  lesser  degree  in  American-grown  seed. 

oSee  "An  Improved  Method  of  Separating  Buckhorn  from  Red  Clover  and  Alfalfa 
Seeds,"  Circular  2,  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agriculture,  1908. 

428 


TKSTINtJ    FAKM    SKKDS.  li.'i 

Other  Weed  Seeds  Commonly  Found  in  Farm  Seeds. 

Certain  kinds  of  wood  soods  othor  than  tlioso  torniod  noxious  iindor 
tho  procodinji:  hoadinj:  aro  fovnid  fro<iuontly,  soniotinios  a})iindant, 
in  various  kinds  of  farm  soods,  and  thus  cause  incjuiry  from  one 
rxamininj^  seeds.  The  dejjree  of  noxiousness  of  this  chiss  of  weed 
-(»eds  differs  with  the  kinds  and  with  the  conditions  of  locality,  eli- 
inate.  etc.,  under  which  they  are  sown.  While  some  of  the  kinds 
included  in  the  present  list  aro  looked  uj)()n,  at  least  locally,  as  |)e,sts, 
many  of  the  kinds  mentioned  are  of  little  importance  as  ilehl  we<»ds. 
Since  it  is  essential  to  distin,i!:uisli  the  relatively  unimportant  from  the 
im|)ortaint  seeds,  a  fairly  accurate  classification  of  the  weed  seeds 
found  in  farm  seeds  with  respect  to  their  relative  im|)ortance  is  a 
(losiral)le  feature  of  popular  seed  testinjj;. 

The  following  brief  descriptions  refer  serially  to  illustrMt i""^  -.f  m 
kinds  of  weed  seeds  shown  in  figures  19,  20,  and  21. 

C>ab-^rai«  seeds  (fig.  19,  a)  usually  bear  the  outer  chaff,  which  ia  ofuii  wli-hairy, 
one  K-ale  as  lonj?  as  the  seed  and  distinctly  3-ridged,  the  other  half  the  lenj»(h  of  the 
seed;  straw  colored,  brown,  or  purplish;  common  in  seeds  of  clovers,  alfalfa,  and 
gnii^ses;  plant.'?  sometimes  very  troublesome. 

Witch-fi:nu*s  seeds  (tig.  19,  b)  occur  both  with  and  without  the  outer  chaff,  which 
is  lance  shaped,  smcxith,  and  brown;  seeds  freed  from  the  chaff  are  oval,  lif^ht  ^^ay 
,)r  dark  gray,  smooth,  and  polished;  common  in  seeds  of  clovers,  alfalfa,  and  grasses; 
plants  widely  distributed;  comparatively  unimportant. 

Yellow  foxtail  seeds  (tig.  19,  c)  are  oval,  flat  on  one  side  and  arched  on  the  other, 
chaff  straw  colored,  light  brown,  or  greenish,  as  long  as  the  seed  on  the  flat  face,  a 
half-length  scale  on  the  arched  face;  the  light-colored  or  dark-colored  seed  within  the 
'  haff  distinctly  ridged  crosswise  on  the  arched  face,  often  free  from  the  outer  chaff; 
I  ommon  in  many  kinds  of  farm  seeds. 

Green  foxtail  seeds  (fig.  19,  d)  are  oval,  convex  on  both  faces,  the  whitish  or  straw- 
colored  outer  chaff  as  long  as  the  seed  on  both  faces;  seed  within  the  chaff  straw 
colored,  gray,  or  brown,  the  darker  seeds  often  mottled,  the  surface  finely  roughened 
and  dull;  common  in  many  kinds  of  farm  seeds.  Both  vellow  and  green  foxtail  gnu<ses 
are  widely  distributed  summer  weeds  occupying  valuable  space  in  crops.  Green 
foxtail  seeds  are  distinguished  from  seeds  of  foxtail  millet  by  their  smaller  size  and 
rough,  dull  surface. 

Velvet  grass  seeds  (fig.  19,  e)  usually  appear  in  the  chaff,  which  is  thin,  oval,  and 
straw  colored,  the  surface  covered  with  fine,  stiffish  hairs;  a  single  oval,  shining  seed 
usually  found  within  the  chaff;  a  common  impurity  of  coarse  grass  seeds. 

Soft  chess  seeds  (fig.  19,  f)  are  lance  shaped,  usually  much  flattened,  straw  colored, 
the  lemma  awned  at  its  apex,  its  back  usually  wTinkled,  the  palea  and  grain  shorter 
than  the  lemma;  common  in  imported  coarse  grass  seeds;  widely  distributed  in  the 
United  States,  but  not  an  imp>ortant  weed  except  on  the  Pacific  coast. 

Sedge  seeds  (fig.  19,  g)  w^hen  covered  bv  the  chaffy  hull  are  flask  shaped,  straw  col- 
ored, brow^n,  or  greenish,  flattened  and  tnin  with  respect  to  the  several  kinds  found 
in  farm  seeds;  seeds  freed  from  the  outer  chaff  are  oval,  lens  shaped,  and  light  l»r 
common  in  grass  seeds,  particularly  bluegra.ss  seed;  plants  com})4ratively  uninip<  >'. 

Sorrel  (or  sheep's  sorrel)  seeds  (fig.  19,  h)  are  small,  oval,  3-angled,  the  outer  <  inn  > 
hull  dull  reddish  brown;  seeds  freed  from  the  hull  are  reddish  brown,  sm(X)th,  and 
polished;  found  in  farm  seed  both  with  and  without  the  hull;  a  common  impurity, 
appearing  in  seeds  of  clovers,  graflses,  poorly  cleaned  cereals,  millets,  etc.;  a  cosmo- 
politan weed  often  troublesome  until  subdued. 

Knotweed  seeds  (fig.  19,  1)  are  sharply  oval,  3-angled,  dull  reddish-brown  in  the 
absence  of  the  brown  chaffy  covering,  a  part  of  which  is  usuallv  borne  at  the  broader 
end;  common  in  clover  seed  and  grass  seed;  plants  usually  oi  minor  importance  as 
field  weeds. 

Pale  knotweed  seeds  (fig.  19,  j)  are  nearly  circular,  flattened,  and  chestnut  br-"  » 
when  freed  from  the  reddish-brown,  sometimes  adherent,  chaffy  covering;  con 
in  seed  of  coarse  grasses,  cereals,  and  flax,  often  abundant  in  i'mi)orted  seed,      i 
plants  grow  chiefly  in  moist  places  and  are  not  troublesome  on  uplands. 

Lady's-thumb  seeds  (fig.  19,  k)  are  usually  free  from  the  chaffy  covering  and  are 
then  black,  shining,  broadly  oval,  and  flattened,  or  sometimes  3-angled;  common  in 
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various  kinds  of  farm  seeds,  particularly  American-grown  red  clover  seed.  The  habit 
of  the  plant  is  similar  to  that  of  the  preceding  knotweeds,  to  which  it  is  closely  related. 
This  plant  is  common  on  dry  uplands. 

Lamb's-quarters  (goosefoot)  seeds  (fig.  19,  1)  are  small,  lens  shaped,  dark  brown,  or 
black  and  shining,  sometimes  found  within  a  chaffy  covering  of  five  scales;  common 


^- 


Fig.  19. — Other  weed  seeds  commonly  found  in  farm  seeds  (No.  1):  a,  Crab-grass;  b,  witch-grass;  c,  yel- 
low foxtail;  d,  green  foxtail;  e,  velvet  grass;  f,  soft  chess;  g,  sedge;  h,  sorrel;  i,  knotweed;  j,  pale  knot- 
weed;  k,  lady's-thumb;  1,  lamb's-quarters;  m,  wild  saltbush;  n,  rough  amaranth;  o,  spreading  ama- 
ranth; ;  p,  wild  spurry;  q  and  r,  chickweed;  s,  mouse-ear  chickweed;  t,  forked  catchfly.  -(Enlarged 
and  natural  size. ) 

in  all  kinds  of  farm  seeds,  particularly  clover  and  grass  seeds;  a  well-known  weed  of 
gardens,  cultivated  fields,  and  meadows. 

Wild  saltbush  seeds  (fig.  19,  m)  are  thin,  triangular  or  wedge  shaped,  veined,  straw 
colored,  or  purplish,  their  two  scales  inclosing  a  single  small  seed;  found  in  American- 
grown  alfalfa,  not  appearing  in  imported  seed. 

Amaranth  (pigweed)  seeds  (fig.  19,  n  and  o)  are  lens  shaped,  black,  and  highly 
polished.     Seeds  of  rough  amaranth  (fig.  19,  n)  are  oval  in  outline;  those  of  tumbling 
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anuiraiith  ar«»  soniowhat  Hiiiallor  and  nearly  ria  ul.ir  in  uullinc,  whih"  m^v^\H  of  - 
inj;  aniamnlh  Hitr.  n>,  o^  an»  nuuh  hinror  and  nearly  rinnilar  in  <»ullin<'.  tli' 
boinK^tr.'     '  .      -      •  .  'i  and  of  tim  '  ' 

nion  in   \  ly  clover 

native  in  u.-  .->..  .r  ..,  , 

Wild  Hpurn 
light-eolored  n 
Some  peed H  are  lliK-keti  with  wliuit<h  inirt.ieli*H;  rontnion  in  iin|>orU'd  eiover  M<«e<i. 

Chickweed  needs  (tip.  19,  q  an<i  r)  are  8inall,  nuwtly  brown,  nearly  eireulur,  and 
flattened;  one  kind  (lij;.  19,  qK  <'omnu>n  in  clover  peed  imiK)rted  from  Euroix*,  hai) 
nunieroiiH  interlaeinp:  wrinkles  eoverinp  the  surface,  tho  other  kind  (fig.  19,  r)  ifl  borne 
by  a  conunon  weed  in  !  vdens,  and  thii»  meadows,  ha«  the  surface  covered 

with  individual  tuber(l<  1  in  more  or  less  distinct  rows,  and  is  found  in  !)oth 

importecl  an<l  domestic  «  i    «■  .  .. .  *l. 

Mouse-ear  chickweed  seeds  (fi}^.  19,  s)  are  minute,  flattened,  wedge  shajwd,  tuber- 
cknl,  and  distinctlv  reddish  brown;  common  in  small  clover  and  gntss  whmIs,  particu- 
larly in  alsike  and  timothy  prtnluced  in  Canada.  This  is  a  somewhat  insigniflcant 
weed  of  lawns  and  thin  meadows. 

Forke<l  <-alch(ly  seeds  (fig.  19,  t)  are  vcrv  similar  to  thos<»  (»f  white  campion  (tig. 
17,  ]),  bladder  campion  (tig.  17,  k),  and  nigKt-flowering  catchfly  (fig.  17,  1),  but<liffer 
in  having  the  tubercles  on  each  face  of  the  PC»ed  arranged  in  a  few  distinct  rows. 
These  kidnev-shai)ed  brown  seeds  often  appear  in  Kuropean-grown  red  clover  and 
a!f:.lt:.  --ed.  ' 

<  rr.  ling  buttercup  seeds  (fig.  20,  a)  are  oval,  flattened,  brown  or  reddish  brown, 
wiiii  a  lighter  rim,  and  have  a  prominent,  straight,  or  slightly  curved  beak;  common 
in  imported  crimson  clover,  meadow  fescue,  and  rye-grass  seeds, 

Peppergrass  seeds  (fig.  20,  b)  are  oval,  flattened,  thin,  reddish  yellow,  and  have 
a  curved  groove  on  each  face;  common,  and  sometimes  abundant,  in  clover  and 
gra-sa  seeds,  particularly  in  timothy;  a  widely  distributed  annual  wee'H  of  waysides, 
gardens,  and  meadows. 

Shepherd 's-purse  seeds  (fig.  20,  c)  are  minute,  reddish  yellow,  oblong,  and  flat- 
tened, with  two  more  or  less  distinct  grooves  on  each  face;  common  in  seeds  of  white, 
aL><ike,  and  poorly  cleaned  red  clovers;  a  cosmopolitan,  annual  weed. 

Cinquefoil  seeds  (fig.  20,  d)  are  minute,  straw  colored,  oval,  and  lens  shaped,  the 
faces  bearing  curved  and  forked  ridges;  common  in  alsiko  clover  and  timothy. 

Hop  clover  seeds  (fig.  20,  e)  are  minute,  elliptical,  yellowi.sh,  the  surface  smfx)th 
and  sliining;  common  in  poorly  cleaned  clover  seed.  The  reddish  flowers  (shown 
at  the  right  of  the  figure)  are  common  in  imported  orchard  grass,  meadow  fescue, 
and  rye-grass  seeds. 

Yellow  trefoil  seeds  (fig.  20,  f)  are  oval  with  a  projecting  point  on  the  edge,  yel- 
lowish brown,  or  tinged  with  green.  Besides  being  used  as  an  adulterant  of  clover 
and  alfalfa  seed,  some  seeds  occur  incidentally  in  clover  and  gra.K8  seeds.  Mature, 
black,  oval  pods  or  immature  green  pods  are  common  in  coarse  grass  seeds.  The 
plants  are  widely  di.^itributed  here  and  in  foreign  countries. 

Bird's-foot  trefoil  seeds  (fig.  20,  g)  are  small,  nearly  spherical,  brown,  and  often 
mottled;  frequently  found  in  imported  clover  and  alfalfa  seeds;  a  cultivated  plant 
in  P^urope. 

Wild  geranium  seeds  (fig,  20,  h,  i,  and  j)  as  commonly  found  in  farm  seeds  rcj  ■ 
three  kinds  of  plants.     Seeds  of  one  kind  (fig.  20,  h)  are  oblong  and  pitted,  hi 
whitish  or  light-brown  network  over  a  darker  brown  background  (tnus  r  -' 
tinguished  from  other  seeds);  common  in  imported  crimson  clover  and  < 

seeds.     Another  kind  (fig.  20,  i)  has  smaller,  smooth,  rounded  seeds  whi<J 

covered  by  a  brown  hull  bearing  several  diagonal  ridges  on  each  side;  often  found 
in  imported  clover  and  gnuss  see^ds.  A  third  kind  (fig,  20,  j)  has  more  oval,  smcK>th 
seeds,  some  of  which  are  covered  by  a  somewhat  flattened,  finely  hairy  hull;  found 
in  imported  clover  and  grass  seeds, 

Stork's-bill  seeds  (fig.  20,  k)  are  somewhat  club  shaped,  smooth,  brown,  and  often 
covered  by  a  shaqvpointed,  brown,  hairy  hull;  found  in  clover,  alfalfa,  and  grafls 
geed'--  '•.."'>.>.>  m  imported  seed. 

S]  20,  1)  are  steel  gray  or  dark  brown,  oval,  and  somewhat  4- 

the  ;    _.  „  colored,  a  few  cross-ridges  between  the  angles,  one  of  the     ^ 

bearing  a  slender,  black  line;  common  in  American  red  clover  seed. 

Spiny  sida  seeds  (fig.  20,  m)  are  brown,  rounded  on  one  side,  angular  on  the  other, 
and  notched  at  the  broader  end;  common  in  American-grown  red  clover  seed;  the 
forked,  often  netted-veined  seed  vessels  (shown  at  right-hand  side  of  figure)  some- 
times appear  in  poorly  cleaned  clover,  but  are  more  common  in  graas  seeos. 
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Evening  primrose  seeds  (fig.  20,  n)  are  small,  reddish  brown,  and  angular,  prismatic, 
or  curved;  the  corners  are  thin-edged,  the  faces  finely  grooved;  common  in  timothy 
and  sometimes  found  in  clover  seed. 

Red  pimpernel  seeds  (fig.  20,  o)  are  small,  3-angled,  and  reddish  brown;  surface 
finely  roughened  or  sometimes  partly  smooth  and  black;  somewhat  resemble  seeds 
of  sorrel  (fig.  19,  h)  having  the  chaffy  covering;  very  common  in  imported  clover  and 
alfalfa  seeds,  often  in  grass  seed. 

Sticktight  seeds  (fig.  20,  p)  are  small,  oval,  brown  burs  having  many  barbed  prickles; 


^''    oa 


V^# 


Fig.  20.— Other  weed  seeds  commonly  found  in  farm  seeds  (No.  2):  a,  Creeping  buttercup;  b,  pepper- 
grass;  c,  shepherd's-purse;  d,  cinquefoil;  e,  hop  clover;  f,  yellow  trefoil;  g,  bird's-foot  trefoil;  h,  i,  and 
j,  wild  geraniums;  k,  stork's-bill;  1,  spurge;  m,  spiny  sida;  n,  evening  primrose;  o,  red  pimpernel;  p, 
sticktight;  q,  forget-me-not;  r,  s,  and  t,  vervain.    (Enlarged  and  natural  size.) 

when  in  clover,  most  of  the  prickles  are  usually  broken  away;  when  in  grass  seeds, 
some  or  all  of  the  prickles  are  usually  uninjured;  found  in  red  clover,  particularly 
that  from  Canada,  in  seed  of  coarse  grasses,  millets,  cereals,  and  flax;  often  in  seed 
imported  from  Europe. 

Forget-me-not  seeds  (fig.  20,  q)  are  small,  black,  shining,  oval,  rounded  on  one 
face,  and  angled  on  the  other;  common  in  imported  clover  and  grass  seeds. 
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Vervain  seeds  (fip.  20,  r,  s.  and  t)  are  o])lonK,  reddinh  or  dark  hmwn,  voii 
one  sido,  anplcnl  and  often  cruv  on  the  other.     Ono  kind  rCuj    l?n,  t\  hnx  u  <l 
network  of  ridptni  veins  on  tne  hack,  tho  nurfaco  ho{\\> 
in  Kuropoan  elovi'r  ami  alfalfa  s«'<m1s.     The  other  w 
found  in  farm  seeds  have  indistinct  veins  on  tho  h.u  k      .,. 
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Fig.  21. — OthtT  \\iL^<\  soods  commonlv  fotind  in  farm  spcls  fX* 
to;i 
cl. 

mi.'  _;  ,  ',.         - 

(Enlarged  and  natural  siif. J " 


a.r:ifiiiiiif:  b.  li''.il;in:  c.  rn.iL'Vi-l'-nved 


(fig.  20,  s)  being  comparatively  broad  and  brown;  the  other  (fig.  20,  t;  txing  slender 
and  lighter,  reddish  colored;  seeds  common  in  American-grown  clover  need. 

Catmint  seeds  (fig.  21,  a)  are  oval,  dark  reddish  brown  or  darker,  smoijth  and  dull, 
readily  distinguished  by  the  two  white  scar  spots,  side  by  side  at  one  end  of  the  seed; 
common  in  clover  seed.  Durliciilarlv  Cauadian-erown  alslke. 
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Healall  seeds  (fi^.  21,  b)  are  light  brown,  oval,  with  a  characteristic  whitish  append- 
age at  the  pointed  end,  faint  dark  lines  traversing  the  faces  and  edges;  one  of  the 
commonest  impurities  of  both  domestic  and  imported  clover  and  grass  seeds. 

Rough-leaved  toadflax  seeds  (fig.  21,  c)  are  very  small,  oblong,  having  a  light- 
brown,  wrinkled  surface;  plants  not  e\'idently  important,  but  the  seeds,  as  common 
impurities  of  imported  clover  seed,  indicate  the  foreign  origin  of  the  lots  containing 
them. 

The  smaller  broad-leaved  plantain  seeds  (fig.  21,  d)  are  similar  to  those  of  rat-tail 
plantain  (fig.  18,  1),  but  are  smaller,  greenish  or  brown,  the  surface  having  slender, 
wavy  dark  lines;  common  in  poorly  cleaned  clover  and  grass  seed. 

Bracted  plantain  seeds  (fig.  21,  e)  are  similar  to  those  of  buckhorn  (fig.  18,  m), 
but  they  are  broader,  dull  reddish  brown,  and  the  broad  groove  on  one  face  is  bor- 
dered by  a  white  stripe;  the  rounded  face  is  crossed  near  its  center  by  a  shallow 
groove;  common  in  American-grown  red  clover  seed;  sometimes  found  in  alfalfa  and 
grass  seeds  and  occasionally  in  imported  seed;  a  common  annual  plant  of  light 
lands. 

Dwarf  plantain  seeds  (fig.  21,  f)  are  light  brown,  oval,  rounded  on  one  face,  and 
broadlv  grooved  on  the  other;  found  in  crimson  clover  seed  produced  in  Atlantic 
Coast  Stales. 

Field  madder  seeds  (fig.  21,  g)  are  oval,  gray  in  having  numerous  white  surface 
spots,  some  of  the  seeds  having  three  frail,  whitish  teeth,  others  devoid  of  the  teeth; 
common  in  seed  of  clover,  alfalfa,  and  grasses;   confined  chiefly  to  imported  seed. 

Cleavers  seeds  (fig,  21,  h)  are  coarse,  circular,  one  face  rounded,  the  other  depressed 
in  the  center;  the  surface  is  covered  with  hair-bearing  tubercles  from  which  the  hairs 
may  be  more  or  less  rubbed  away;  the  entire  outer  surface  is  sometimes  rubbed  away, 
leaving  the  seed  smooth  and  brown;  common  in  seed  of  coarse  grasses,  millets,  cereals, 
and  flax;  a  common  impurity  of  imported  seed. 

Seeds  of  wild  corn  salad  representing  two  kinds,  commonly  appear  in  clover 
imported  from  Europe.  They  are  brown,  one  kind  (fig.  21,  i)  being  slenderly  oval 
and  nearly  smooth,  the  other  (fig.  21,  j)  being  broader  and  usually  more  or  less 
covered  with  white  hairs.  The  presence  of  these  seeds  in  clover  indicates  its  foreign 
production. 

Poverty  weed  seeds  (fig.  21,  k)  are  oval  and  dull  brown,  straight,  or  somewhat 
curved.  They  occur  in  alfalfa  seed  from  the  Western  States;  not  found  in  foreign- 
grown  seed. 

Black-eyed  Susan,  or  yellow  daisy,  seeds  (fig.  21,  1)  are  minute,  black,  prismatic, 
finely  ridged  lengthwise,  and  4-angled;  found  chiefly  in  timothy  seed. 

Mayweed  (dog  fennel)  seeds  (fig.  21,  m)  are  oval  or  club  shaped,  straw  colored  or 
brown,  ridged  lengthwise,  the  ridges  more  or  less  distinctly  tubercled;  very  common 
in  both  domestic  and  imported  seed  of  clover  and  grasses. 

Field  camomile  seeds  (fig.  21,  n)  are  prismatic,  some  broad  and  deeply  grooved 
lengthwise,  others  slender  and  lightly  grooved  or  smooth;  color  whitish,  light  brown, 
or  dark  brown;  common  in  domestic  and  imported  clover  and  grass  seeds. 

Scentless  camomile  seeds  (fig.  21,  o)  are  prismatic,  the  surface  rough  and  black,  one 
face  having  three  prominent  brown  ribs,  the  other  showing  two  of  these  ribs  and  a 
partial  third  rib;  common  in  poorly-cleaned  clover  seed  and  grass  seed,  particularly 
the  seed  of  sweet  vernal  grass  imported  from  Europe. 

Com  flower  (blue  bottle)  seeds  (fig.  21,  p)  are  easily  recognized  by  the  bluish  color 
of  the  body  of  the  seed  and  the  tawny  color  of  the  brush  of  bristles  each  bears;  common 
in  both  domestic  and  imported  coarse  seeds,  including  crimson  clover,  grasses,  cereals, 
millets,  and  flax. 

Cat's-ear  seeds  (fig.  21,  q)  are  slender,  reddish  brown,  rough,  and  sometimes  bear  a 
slender  beak  tipped  by  a  brush  of  whitish  bristles;  found  in  clover  seed  and  grass  seed, 
a  common  impurity  of  imported  seed. 

Oxtongue  seeds  (fig.  21,  r)  are  mostly  lance  shaped,  reddish  yellow,  the  surface  hav- 
ing dark  transverse  lines,  the  margin  at  the  broader  end  of  the  seed  roughened  (as 
shown  at  the  left  of  the  figure);  a  part  of  the  seeds  whitish,  curved,  the  inner  curved 
edge  white-hairy  (shown  at  the  upper  right-hand  of  the  figure);  common  in  poorly 
cleaned  red  clover  and  alfalfa  seed  imported  from  Europe;  not  found  in  domestic- 
grown  seed. 

Hawkweed  picris  seeds  (fig.  21,  s)  are  reddish  brown,  straight  or  curved,  bearing 
fine  transverse,  dark-edged  ridges,  the  faces  of  the  seed  having  one  or  two  slender 
grooves  lengthwise;  frequently  found  in  imported  red  clover  and  alfalfa  seed, 

Hawkweed  seeds  (fig.  21,  t)  are  small,  black,  cylindrical,  ridged  lengthwise,  pointed 
at  one  end,  the  opposite  end  bearing  a  short  brush  of  fine,  white  bristles;  common  in 
grass  seed.  The  seeds  of  several  kinds  of  hawkweed  are  similar.  One  kind  is  the 
orange  hawkweed,  which  has  proved  troublesome  in  the  Northeastern  States. 
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DETAILS  OF  MAKING  SEED  TESTS. 

Procedure.  (Vrtaiii  del  ails  of  prorodiiro  in  making  socmI  trsts  should 
be  follow (mI  if  tests  of  seeds  of  dillVrent  kinds  aro  (o  ho  fairly  coni- 
ptuahle.  The  natural  eourse  to  ho  followed  in  testinj;  foraj;o-erop 
seeds  involves,  in  «j:eneral,  the  ])reparation  of  the  small  sample  for 
actual  test,  its  examination,  the  separation  of  the  crop  seed  and  its 
impurities,  a  test  of  the  jjerminatint;  power  of  the  crop  seed,  and  the 
determination  of  the  actual  value  of  the  seed  as  compared  with  pure 
seed. 

Careful  work  in  making  a  test  is  comparatively  useless  if  the  sample 
does  not  fairly  represent  the  bulk  of  the  seed  from  which  it  is  taken. 

The  responsibility  for  selecting]:  the  small  trade  sample  rests 
entirely  with  the  dealer  who  submits  it.  When  seed  in  bulk,  a.s  in  a 
sack,  is  to  be  sam])led,  small  amounts  of  seed  should  be  taken  from 
the  top,  bottom,  sides,  and  center  of  the  sack.  If  the  sack  be  emptied 
and  the  seed  thorouj^hly  mixed,  it  is  probable  that  a  fairer  sample  can 
be  taken. 

The  test  sample. — Since  the  small  sample  thus  taken  or  the  trade 
sample  will  be  too  larji^e  to  be  tested  in  its  entirety,  it  must  be  a<^ain 
subdivided  to  obtain  the  test  sample.  In  oHicial  tests  this  all- 
miportant  subdivision  is  elTected  by  the  use  of  a  mechanical  mixer, 
which  takes  a  little  from  all  parts  of  the  larger  quantity.  In  home 
testing  perhaps  there  is  no  better  plan  than  to  pour  tne  seed  in  a 
symmetrical  pile  on  a  flat  surface  and  carefully  subdivide  it  bv  means 
of  a  table  knife.  A  subdivision  amounting  to  a  tetispoonfuf  for  the 
clovers  and  small-seeded  grasses,  a  tablespoonful  for  the  coarse  grass 
seeds,  and  a  considerably  larger  amount  for  cereal  grains  may  l)e 
accepted  for  the  test. 

The  balance  previously  described  (p.  11)  having  been  put  in  proper 
condition  for  use,  the  total  weight  of  the  selected  sample  is  to  l>o 
taken  and  recorded  in  terms  of  whole  and  fractional  shots.  This 
permits  the  comj)utation  of  percentages  by  ordinary  division  accord- 
ing to  the  methods  used  in  percentage.  If,  however,  quantities  of 
seed  balancing  6^^  or  ]2h  shots  are  used,  the  one-sixteenth  shot  weight 
represents  1  per  cent  or  one-half  of  1  per  cent,  as  heretofore  explained. 

The  pure  seed. — After  the  sample  is  weighed  it  is  spread  on  a  sheet 
of  white  paper  folded  in  the  form  of  a  tray  (p.  14)  and  should  first  be 
examined  with  reference  to  whether  it  is  true  to  name.  Attention 
should  then  be  directed  to  the  possible  presence  of  some  j)articular 
adulterant  liable  to  be  present.  All  the  loreign  seeds  (except  certain 
adulterants),  including  other  crop  seeds  and  weed  seeds,  also  inert 
matter,  as  pieces  of  stems,  chaff,  sand,  and  badly  !)roken  seeds,  are 
to  be  separated  from  the  kind  under  test.  Both  plump  and  shriveled 
crop  seed  should  be  cla^ssed  as  ' 'pure  seed."  While  the  shriveled  seed 
very  evidently  may  be  worthless,  it  nevertheless  is  a  part  of  the  crop 
seed,  and  its  worthlessness  will  appear  in  the  subsequent  germination 
test. 

If  certain  specific  adulterants,  as  trefoil,  sweet  clover,  bur  clover, 
Canada  bluegrass,  and  rye-grass,  are  found,  the  adulterant  seeds  are 
left  mixed  w  ith  the  crop  seed  when  the  other  foreign  .seeds  are  sepa- 
rated. The  proportion  of  the  adulterant  is  then  determined  by  count 
from  a  part  of  the  mixture. 
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30  TESTING   FARM   SEEDS. 

If  certain  kinds  of  foreign  crop  seeds  or  of  weed  seeds  are  especially 
abundant  it  may  be  desirable  to  keep  them  separate  from  the  rest  in 
order  to  determine  their  quantity,  but  if  not  the  foreign  matter  for 
convenience  may  be  mixed  together  irrespective  of  its  character. 
In  official  tests  the  foreign  seed  and  the  inert  matter  are  separated, 
their  quantities  being  determined  individually.  After  the  pure  seed 
and  the  foreign  materials  of  the  sample  have  been  separated  the  pro- 
portion of  pure  seed  is  determined  by  comparing  its  weight  with  that 
of  the  entire  sample,  expressing  the  result  in  per  cent.  If  quantities 
of  seed  weighing  6 J  shots  or  12^  shots  have  been  taken  for  the  original 
test  sample,  each  ^e-shot  weight  of  pure  seed  represents  1  per  cent 
or  one-half  of  1  per  cent,  respectively. 

Determination  of  adulterants.^ — When  an  adulterant  is  found  arid 
its  kind  ascertained  by  examination,  its  quantity  must  be  deter- 
mined. When  such  seed  as  that  of  trefoil,  sweet  clover,  Canada  blue- 
grass,  and  other  kinds  have  been  used,  their  separation  from  all  the 
pure  seed  of  a  test  sample  is  laborious  and  not  justified  by  the  infor- 
mation gained.  Since  the  weight  of  these  seeds  is  approximately 
the  same  as  that  of  the  seeds  with  which  they  are  mixed,  their  rela- 
tive proportion  to  pure  seed  is  determined  by  count.  After  all  other 
foreign  seeds  and  other  materials  have  been  separated  from  the  pure 
seed  and  adulterant  together  1,000  seeds  of  the  mixed  crop  seed  and 
adulterant  are  counted  out  indiscriminately.  This  number  of  seeds 
is  then  carefully  separated  into  pure-crop  seed  and  adulterant  and 
the  number  of  each  ascertained  by  actual  count.  If  a  sample  of 
red  clover  seed  is  found  to  be  adulterated  with  trefoil  to  the  extent 
of  400  seeds  in  1,000  seeds  of  the  mixture,  the  trefoil  is  determined  to 
be  400 -J- 1,000  =  40  per  cent  of  the  mixture.  If  other  foreign  matter 
in  the  sample  amounts  to  15  per  cent,  the  clover  and  trefoil  mixture 
represents  85  per  cent  of  the  original  sample.  The  trefoil  adulterant 
therefore  amounts  to  40  per  cent  of  85  per  cent,  or  34  per  cent  of  the 
seed  under  test. 

Examination  of  weed  seeds. — The  weed  seeds  should  be  examined 
for  kinds  representing  important  weeds.  A  knowledge  of  what 
important  weed  seeds  are  liable  to  occur  in  particular  kinds  of  crop 
seed  is  very  helpful.  For  this  reason  the  results  of  many  tests  are 
utilized  in  the  subsequent  remarks  on  testing  particular  kinds  of 
seed.  Suspected  weed  seeds  should  be  carefully  compared  with  the 
illustrations  relating  to  this  class  of  seeds.  Many  kinds  of  weed 
seeds  not  illustrated  in  this  bulletin  will  be  found.  Most  of  these,  as 
a  rule,  are  of  relatively  minor  importance. 

The  germination  test. — It  is  important  in  separating  pure  seed 
for  the  germination  test  that  the  counting  be  done  indiscriminately — 
without  selection  as  to  the  appearance  of  the  seed.  The  tendency  of 
the  beginner  is  to  select  the  more  promising-looking  seeds  for  the 
germination  test.  It  must  not  be  forgotten  that  the  purpose  of  the 
test  is  to  learn  what  percentage  of  the  total  pure  seed  will  germinate. 
If  the  more  promising  seed  is  selected,  the  results  of  the  test  are 
deceiving  in  favor  of  the  dealer. 

Of  small  seeds  (such  as  forage  crop  and  cereals),  200  are  counted; 
of  larger  seeds  100  are  taken,  each  in  duplicate.     In  the  special  indi- 
ct See  Farmers'  Bulletin  382,  entitled  "The  Adulteration  of  Forage- Plant  Seeds." 
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vidual  ('ai'  tcsis  ol  cmn  (»niv  a  lew  scjmis  arc  us(mi.  in  inlultn  ai  i'<i 
samples  tho  lUM'ossiirv  miinluM'  of  pure  soods  can  usually  bo  obtained 
from  tho  soj^)aration  of  tbe  1,000  soods.  It  is  obvious  that  accurate 
countinj;  is  nni)ortant  to  insure  accuracy  in  computing;  the  result. 

The  conditions  essential  to  seed  j^erniination  are  sullicient  moisture, 
warmth,  and  air.  Sullicient  water  should  be  su|)plied  to  keep  the 
seeds  thoroujrhly  moistened  durinjx  ^germination,  !)ut  they  should  not 
be  allowed  to  re^t  in  water.  The  temperature  of  livin*;  rooms  ran^inj; 
from  65°  to  85°  F.  is  suitable  for  j;erminati(m.  A  place  in  the  room 
should  be  selected  where  the  day  and  the  ni«^ht  temperatures  will  be 
fairly  uniform.  Thus  the  window  sill  is  too  cold  m  winter  and  a 
shelf  directly  over  the  stove  is  too  warm.  The  t^t^nninaticm  of  .some 
kinds  of  seeiLs  is  favored  l)y  the  varvin<^  day  and  nij^ht  temperature 
of  living  rooms.  (lerminatinjr  seetls  must  be  suj)plied  with  fresh 
air.  If  the  air  is  confined,  it  loses  its  oxyj^en,  which  is  neces.sary  to 
germination,  and  there  is  no  means  for  escape  of  carbon  dioxid,  a  gas 
produced  by  the  t^jermination  process  but  detrimental  to  it.  A  proper 
covering  of  cloth,  paper,  wood,  or  glass  for  the  seed  germinator 
which  prevents  too  rapid  loss  of  moisture  by  evaporation,  while  not 
hindering  the  admission  of  air,  should  not  be  neglected.  In  order  to 
insure  sufficient  air,  very  small  seeds  germinate  best  on  top  of  the 
germinator  cloth  or  paper,  while  larger  seeds  do  better  when  placed 
between  cloth  or  pa|)er  folds. 

When  sand  or  soil  is  used  in  testing  germination,  the  seeds  should 
have  but  a  very  light  covering.  Before  the  sprouts  appear  the  sur- 
face of  the  sand  ma^y  be  kept  covered  to  hold  the  moisture.  Germi- 
nation in  sand  and  m  soil  is  likely  to  be  somewhat  slower  than  when 
the  test  is  made  in  cloth  or  paper. 

Seed  in  the  germinator  should  be  examined  daily  to  note  the 
extent  and  vigor  of  germination.  Weak,  slow  germination  indicates 
low  vitality,  unpromising  for  good  field  results  in  plant  production. 

Red  clover  and  alfalfa  seed  are  sometimes  so  slow  in  absorbing 
moisture  that  the  germination  is  delayed  several  days  or  even  sev- 
eral weeks.  This  is  particularly  true  of  new  seed.  The  same  seed  a 
year  later  may  show  a  greatly  reduced  amount  of  this  so-called 
*4iard  seed"  and  therefore  a  higher  percentage  of  germination  under 
test.  Such  seed  remains  hard  in  the  test  w  hen  other  seed  has  become 
soft  by  the  absoi-ption  of  water. 

The  time  required  for  germination  difTers  with  difTerent  kinds  of 
seed.  Between  the  times  of  appearance  of  the  first  and  the  last 
sprouts  there  is  a  period  of  maximum  germination  when  the  practical 
germinating  value  of  the  seed  is  evident. 

Determining  the  actual  value  of  the  seed. — The  actual  value  of 
the  pure,  germinable  seed  in  a  sample  depends  on  its  quantity,  as 
compared  with  the  total  weight  of  tne  sample.  Assuming,  for  illus- 
tration, a  standard  of  absolute  purity  and  viability  in  seed  selling  at 
$10  per  100  pounds,  such  seed  is  actually  worth,  at  this  rate,  10  cents 
per  pound.  On  the  other  hand,  seed  selling  at  the  same  price,  but 
on  test  showing  a  purity  of  80  per  cent  and  viability  of  70  per  cent, 
contains  but  70  per  cent  of  80  per  cent,  or  56  per  cent  of  pure,  viable 
seed.  At  SIO  per  100  pounds  of  this  seed  as  sold  the  good  seed  actu- 
aUy  costs  nearly  18  cents  per  pound. 
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This  ideal  state  of  perfection  in  purity  and  viability  of  seed  is 
rarely,  if  ever,  attained.  It  is  important,  however,  to  know  the 
highest  quality  that  seed  can  justly  be  expected  to  show.  It  is  fair 
that  the  best  seed  that  is  marketed  should  serve  as  a  guide  in  this 
respect,  because  the  average  results  of  miscellaneous  tests  of  any 
particular  kind  are  too  low,  since  some  samples  are  altogether  too 
low  in  quality.  The  fact  that  seed  of  the  principal  forage  crops  in 
which  both  the  purity  and  the  viability  closely  approach  100  per  cent 
does  appear  on  the  market  justifies  one  in  assuming  that  all  seed  of 
these  crops  sold  as  high  grade  should  possess  equally  good  quality. 

The  practical  application  of  this  understanding  as  to  quality  may 
sometimes  admit  of  due  allowance.  For  example,  clover  seed  is 
sometimes  sold  locally  in  the  chaff.  If  such  seed  is  known  to  be 
free  from  noxious  weed  seeds,  it  can  safely  be  purchased  if  proper 
allowance  be  made  for  the  proportion  of  worthless  chaff  and  unde- 
veloped seed.  An  average  sample  of  the  chaffy  seed  may  be  weighed 
and  its  percentage  of  good  seed  ascertained.  Since  clover  seed 
weighs  60  pounds  per  bushel,  the  actual  value  of  such  chaffy  seed 
can  readily  be  determined,  the  price  regulated,  and  the  quantity  to 
be  sown  accurately  gauged. 

The  actual  proportion  of  pure,  viable  seed  in  a  sample  is  repre- 
sented by  the  product  of  its  percentages  of  purity  and  viability 
expressed  in  per  cent. 

TESTING  PARTICULAR  KINDS  OF  SEEDS. 
GENERAL    CONSIDERATIONS. 

The  work  of  seed  testing  is  greatly  facilitated  by  a  general  knowl- 
edge of  the  conditions  more  or  less  peculiar  to  the  seed  of  particular 
kinds  of  crops.  For  illustration,  the  adulterants  used  with  different 
kinds  of  seeds  differ  in  kind;  the  conditions  of  culture,  of  harvesting, 
and  of  preparation  for  market  tend  to  influence  the  condition  of 
the  seed;  the  kind  and  source  of  the  seed  influence  the  character 
of  its  impurities.  Kinds  of  seed  supplied  to  the  market  from  both 
domestic  and  foreign  grown  stocks  should  be  considered  with  refer- 
ence to  their  source.  The  significance  of  the  kinds  of  weed  seeds 
as  indicating  the  source  of  the  seed  is  at  present  chiefly  applicable 
to  the  seed  of  the  clovers  and  alfalfa. 

In  the  following  remarks  on  the  testing  of  particular  kinds  of 
seeds  it  is  assumed  that  the  previously  discussed  methods  of  making 
seed  tests  in  general  will  be  borne  in  mind,  leaving  the  present  dis- 
cussion to  relate  chiefly  to  conditions  peculiar  to  the  several  kinds 
of  seeds  considered.  To  avoid  repetition,  it  may  be  stated  that 
for  the  test  sample  of  clovers,  alfalfa,  and  medium-seeded  grasses 
seed  equaling  12^  BB  shots  in  weight  may  be  taken;  of  the  smaller 
seeded  redtop  and  bluegrasses  half  this  weight,  equal  to  6^  BB 
shots,  will  suffice;  of  coarse  seeds  (as  oats,  barley,  vetch,  etc.), 
double  the  weight  of  12^  BB  shots  may  be  used.  Several  sub- 
divisions of  the  larger  sample  may  thus  be  required  to  segregate 
the  small  test  sample.  A  little  care  will  insure  accuracy  in  weigh- 
ing the  test  sample. 
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TESTING   RED    CLOVER    SEED/' 

The  yellow  and  violet  colors  of  the  seed,  to^^ether  with  the  tri- 
angular form  of  individual  seeds,  distinj^uish  fresh  red  clover  seed. 
(See  fijj.  22.)  Old  seeds  are  dull  and  reddish  hrown.  Imperfectly 
developed  seeds  are  dull  brown  and  more  or  less  shriveled.  Kmpty 
perforated  seed  shells  in  li^ht  screenin<^s  show  the  work  of  the  clover 
seed  chalcisfly.^  Xoevidence 
of  the  so-called  clover  seed 
midj^e  is  ever  present  in  seed. 
Note  should  be  made  of  the 
apparent  relative  (juantity  of 
poor  true  clover  seed  in  the 
sample. 

Consider  the  matter  of  in- 
icntional  a(hihcration  by  the 
use  of  (1)  old  red  clover  seed 
which  is  sometimes  disj^uised 
by  oilin<:   and   polishing,  but 

Wllich  will  be  disclosed  in  the  Fio.  22.-Soedsof  red  dover  l,  side  vi'v^    "',1  9   cHlge 

^PrniinafioTl     i(*^t'     (2)    VpIIow  view  of  seods:  3,  the  trlanpular  fon                        4,  a 

gerilUIiatlOIl     LCSL,     V^;    yenow  seed  mt  hngthwist;  6.  a  set<l  tut o                        ving 

trefoil   seed    (ncrS.    3    and    23);  the  embryo;  a.  seed  scar;  b.stemktci.. .m- 

„^  1    /o\  ,^: ^iC^,.,,^ «^«^  bryo;  c,  seed  leaves  (cotyledons)  of  Uie  embryo;  6,  a 

ana   (3)  miscellaneous  screen-  pod  of  red  clover;  7,  natural  sire  of  seeds. 

injijs    consisting    of   shriveled 

clover  seed  and  weed  seeds,  or  of  very  small  red  clover  seed  indicating 

foreign  pro(hiction. 

Separate  all  true  red  clover  seed,  together  with  yellow  trefoil  present 

in  quantity  sufhcient  to  indicate  intentional  adulteration,  from  all 

w^eed  seeds  and  other  materials. 

If  the  sample  is  adulterated  with  trefoil  or  other  specific  adulterant, 

count  out  1,000  seeds 
from  the  clover  and 
adulterant  freed  from 
other  impurities  and  de- 
termine the  quantity  of 
the  adulterant  bv  count 
(p.  30). 

The  total  quantity  of 
true  red  clover  seed,  in- 
cluding shriveled  seed, 
is  the  ''pure  seed"  of 
the  test ;  accurately  re- 

Fio.  23.— Seeds  of  yellow  trefoil:  a,  Seeds  showing  variation  in      cord     itS    Wei<'"ht        TllO 
form  and  size;  b,  natural  size  of  seeds;  c,  oval  form  -.f  tr,.f,,ii  ^  T  ^    *  1 

seeds  Indicated;  d,  a  pod  of  trefoil.  percentage  of    true  red 

(lover  seed  in  the  test 
sample  and  in  the  original  sample  is  shown  by  dividing  this  weight 
by  tlie  weight  of  the  original  sample,  expressing  the  result  in  per 
cent;  or,  if  seed  eaual  to  the  weight  of  12^  BB  shot  is  being  tested, 
each  T^-shot  w  eight  represents  one-half  of  1  per  cent  of  the  whole. 

a  See  Farmers'  Bulletin  260,  entitled  "  Seed  of  Red  Hover  and  Ita  Impurities." 
&See  "Some  Insects  Affecting  the  Produrtion  of  Red  Clover  Seed,"  Circular  69, 
Bureau  of  Entomology,  U.  S.  Dept.  of  Agriculture,  llKHi. 
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Count  indiscriminately  from  the  pure  seed  200  seeds  in  duplicate 
for  the  germination  test.  Conduct  this  test  as  previously  directed 
under  ^'The  germination  test"  (p.  30).  Sprouting  should  begin  the 
second  day  and  be  completed  by  the  sixth  day.  At  the  completion 
of  the  sprouting,  examine  seeds  which  have  not  sprouted  to  deter- 
mine whether  they  are  hard  or  soft.  In  general,  the  presence  of  a 
considerable  quantity  of  hard  seed  indicates  that  the  sample  is  one 
of  new  seed.  The  hard  seed  may  amount  to  20,  30,  or  even  50  per 
cent  in  red  clover  seed  1  year  old.  Although  such  hard  seecl  is 
probably  all  alive,  it  is  practically  worthless  for  seeding.  Soft  seeds 
which  do  not  sprout  may  be  considered  as  dead  before  the  test  was 
made.  An  excess  of  such  seed  indicates  the  use  of  old  seed  as  an 
adulterant. 

The  best  red  clover  seed  tests  as  high  as  98  or  99  per  cent  purity 
and  99  per  cent  viabiUty. 

The  foreign  seeds  in  red  clover  may  include  other  crop  seeds,  as 
alsike  clover,  wliite  clover,  or  timothy.  Note  should  be  made  of  the 
presence,  character,  and  quantity  of  such  crop  seed. 

The  weed  seeds  should  be  considered  with  respect  to  their  total 
quantity  and  their  character  as  affecting  the  clover  crop  and  the  land. 
Seeds  of  strictly  noxious  plants  should  be  distinguished  as  well  as 
those  indicating  the  domestic  or  foreign  source  of  the  seed.  Kural 
school  pupils,  especially,  who  make  tests  of  seeds  should  be  interested 
in  identifying,  so  far  as  possible,  the  kinds  of  all  the  weed  seeds  found. 

The  noxious  weed  seeds  found  in  red  clover  seed  include:  (Fig.  17)  dock  (f),  black 
bindweed  (g),  Russian  thistle  (h),  white  campion  (j),  bladder  campion  (k),  night- 
flowering  catchfly  (1),  pennycress  (n),  field  peppergrass  (o),  two  kinds  of  false  flax  (p 
and  q),  black  mustard  (s),  English  charlock  (t);  (fig,  18)  Indian  mustard  (a),  wild  car- 
rot (d),  field  bindweed  (e),  clover  dodder  (g),  field  dodder  (i),  corn  gromwell  (k),  rat- 
tail  plantain  (1),  buckhorn  (m),  ragweed  (n),  wild  sunflower  (p),  oxeye  daisy  (q),  Can- 
ada thistle  (r),  bull  thistle  (s),  wild  chicory  (t). 

Other  weed  seeds  commonly  found  in  red  clover  seed  include:  (Fig.  19)  crab-grass 
(a),  witch-grass  (b),  yellow  foxtail  (c),  green  foxtail  (d),  velvet  grass  (e),  sedge  (g), 
sorrel  (h),  knotweed  (i),  pale  knotweed  (j),  lady's-thumb  (k),  lamb's-quarters  (1), 
rough  amaranth  (n),  spreading  amaranth  (o),  wild  spurry  (p),  two  kinds  of  chickweed 
(q  and  r),  mouse-ear  chickweed  (s),  forked  catchfly  (t);  (fig.  20)  creeping  buttercup  (a), 
peppergrass  (b),  shepherd's  purse  (c),  cinquefoil  (d),  hop  clover  (e),  yellow  trefoil  (f), 
bird's-foot  trefoil  (g),  wild  geraniums  (h,  i,  and  j),  stork's-bill  (k),  spurge  (1),  spiny 
sida  (m),  evening  primrose  (n),  red  pimpernel  (o),  sticktight  (p),  forget-me-not  (q), 
three  kinds  of  vervain  (r,  s,  and  t);  (fig.  21)  catmint  (a),  healall  (b),  rough-leaved 
toadflax  (c),  smaller  broad-leaved  plantain  (d),  bracted  plantain  (e),  field  madder  (g), 
cleavers  (h),  wild  corn  salad  (i),  black-eyed  Susan  (1),  dog  fennel  (m),  field  camomile 
(n),  scentless  camomile  (o),  cat's-ear  (q),  oxtongue  (r),  hawkweed  picris  (s). 

The  American  or  the  Canadian  origin  of  red  clover  seed  is  strongly  indicated  by  the 
presence  of  the  following  weed  seeds:  (Fig.  17)  night-flowering  catchfly  (1);  (fig.  18) 
field  dodder  (i),  rat-tail  plantain  (1),  ragweed  (n),  bull  thistle  (s);  (fig.  19)  witch-grass 
(b),  lady's-thumb  (k),  spreading  amaranth  (o);  (fig.  20)  peppergrass  (b),  cinquefoil  (d), 
spurge  (1),  spiny  sida  (m);  (fig.  21)  bracted  plantain  (e).  Seeds  of  Canada  thistle  (fig. 
18,  r)  or  of  small-fruited  false  flax  (fig.  17,  q),  if  found  in  abundance,  indicate  that  the 
source  of  the  seed  is  Canadian. 

European  origin  of  red  clover  seed  is  indicated  by  the  presence  of  certain  weed 
seeds,  and  the  occurrence  of  several  kinds  of  these  in  the  same  sample  (especially  in 
the  absence  of  the  kinds  heretofore  mentioned  as  occurring  in  American-grown  seed), 
lends  weight  to  the  probability  of  European  origin,  as  follows:  (Fig.  18)  clover  dodder 
(g),  wild  chicory  (t);  (fig.  19)  wild  spurry  (p),  chickweed  (q),  forked  catchfly  (t);  (fig. 
20)  bird's-foot  trefoil  (g),  wild  geraniums  (h,  i,  and  j),  red  pimpernel  (o),  forget-me-not 
(q),  vervain  (r);  (fig.  21)  field  madder  (g),  wild  corn  salad  (i  and  j),  scentless  camomile 
(o),  oxtongue  (r),  hawkweed  picris  (s).  The  presence  of  a  considerable  quantity  of 
distinctly  small-seeded  red  clover  seed  further  indicates  European  origin. 
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TESTING    ALSIKE    CLOVER    SEED. 

Alsikc  clover  sood  is  (listinj^uishod  from  other  kinds  by  its  dark- 
green  eok)r,  tlie  small  size,  and  the  heart-siiaped  oval  form  of  indi- 
vidual seeds.  The  lij::hter  colored  seeds  are  often  mottled  (fi^.  24). 
Old  seed  is  distinj^uished  from  new  i)V  the  dull,  reddish-brown  color 
it  accjuires. 

White  clover  seed  often  aj)|)earing  in  alsike  seed  is  distingui.shed  by 
its  vellowish  or  pinkish  color. 

Yellow  trefoil  seed,  sometimes  used  as  an  a(lult(»rant  and  often 
present  as  an  incidental  impurity,  is  coarser  than  the  alsike  seed  and 
IS  further  distinj^uisluible  by  its  fjjreenish-yellow  or  brown  color  and 
the  characteristic  form  of  individual  seeds  (compare  iigs.  23  and  24). 
Adulterants  used  other  than  trefoil  seed  are  old  alsike  seed,  timothy 
^(H\\,  and  weedy  screenin<js  (i\^.  <S). 

termination  proceeds  between  the  second  and  sixth  days  of  the 
tost,  and  the  viability  often  attains  00  per  cent.  Hard  seed  is  less 
frequently  observed  in  alsike  seed  than  in  red  clover.  The  purity 
unmonly  amounts  to  98  or  00  per  cent. 

rho  noxious  weed  seeds  occurring  in  ulsike  clover  seed  include:  (Fig.  17)  dock  (f), 
white  (•anii)i()n  (j),  bladder  campion  (k), 
night-flowering    catchfly   (1),"  pennycress 


niglU-nowermg    catcniiy   (i),    pennycress  ^^^ 

(n),    tield    iKM)porgrass   (o),   small-fruited  J^^^ 

false  flax  (q),  English  charlock  (t);  (fig.  18)  ^^ 


tumbling  mustard  (c),   clover  dodder  (g)  ^^^  <>    ^  o 

very  rarely  rat-tail  plantain  (1),  buckhorn  ^^^  ^^         *  " 

(m),  ragw'eed  (n),  oxeye  daisy  (q),  and 
frequently  Canada  thistle  (r). 

Other  common  weed  seeds  in  alsike  seed 
include:  (Fig.  19)  witch-grass  (b),  yellow 
foxtail  (c),  green  foxtail  (d),  velvet  grass 
(e),  sedge  (g),  sorrel  (h),  knotweed  (i), 
lamb's-quarters  (1),  rough  amaranth  (n), 
spreading  amaranth  (o),  wiki  spurry  (p), 
cnickweeds  (q  and  r),  mouse-ear  cliick- 
weed  (s);  (fig.  20)  peppergrass  (b),  shep-  ® 

herd's  Dnrse(c^   cinonefoil  (dl   hon  clover      Fig.  24.-Seedsof  alsike  clover:  a,  Seeds  showing 
nera  spurse^c).  cinquLioiHQ),  noptio\er         variation    in   form  and  surface  appearance, 
(e),  yellow  trefoil  (f),  spurge  (1),  evenmg        enlarged;  b,  natural  site  of  seeds, 
primrose  (n),  for^t-me-not  (q),  vervain 

(t);  (fig.  21)  catmint  (a),  healall  (b).  smaller  broad-leaved  plantain  (d),  bracted  plan- 
tain (e),  dog  fennel  (m),  field  camomile  (n),  scentless  camomile  (o). 

So  little  alsike  clover  seed  is  imported  from  P^urope  that  weed  seeds  indicating 
European  origin  of  seed  are  uncommon  in  this  kind  of  seed.  The  examination  of 
various  samples  of  European  seed  shows,  however,  that  the  weed  seeds  found  in 
European  red  clover  seed,  previously  stated,  are  essentially  the  same  as  those  appear- 
ing in  alsike  seed  fn^m  the  Si\me  source.  Clover  dfxlder  (fig.  18.  g)  is  particularly 
"  >ticeable  in  most  of  the  samples  of  European  alsike  clover  seed. 

TESTING   WHITE    CLOVER    SEED. 

White  clover  seed  resembles  that  of  alsike  clover  in  size  and  form 
of  individual  seeds,  but  the  averajije  size  is  slij^htly  smaller.  The 
light-yellow,  pinkish,  or  li<jht-brown  color  of  white  clover  seed  dis- 
tinguishes it  from  the  darker  alsike.  Adulteration  is  confined  chiefly 
to  the  use  of  old  seed  and  of  weedy  screenings.  Much  seed  imported 
from  Europe  is  on  the  ^Vmerican  market. 
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The  purity  should  attain  98  or  99  per  cent,  the  viability  99  per 
cent;  sprouting  proceeds  from  the  second  to  the  sixth  day. 

The  noxious  weed  seeds  appearing  in  white  clover  seed  include:  (Fig.  17)  dock  (f), 
night-flowering  catchfly  (1),  pennycress  (n),  false  flax  (p  and  q),  English  charlock  (t); 
(fig.  18)  tumbling  mustard  (c),  wild  carrot  (d),  clover  dodder  (g),  rat-tail  plantain  (1), 
buckhorn  (m),  oxeye  daisy  (q),  Canada  thistle  (r). 

Other  weed  seeds  commonly  appearing  in  white  clover  seed  are:  (Fig.  19)  witch- 
grass  (b),  green  foxtail  (d),  velvet  grass  (e),  sorrel  (h),  knotweed  (i),  lady's-thumb  (k), 
rough  amaranth  (n),  wild  spurry  (p),  chickweeds  (q  and  r),  mouse-ear  chickweed  (s), 
forked  catchfly  (t);  (fig.  20)  peppergrass  (b),  shepherd's  purse  (c),  cinquefoi]  (d),  hop 
clover  (e),  yellow  trefoil  (f),  wild  geraniums  (1,  j),  red  pimpernel  (o),  forget-me-not 
(q),  vervain  (t);  (fig.  21)  catmint  (a),  healall  (b),  smaller  broad -leaved  plantain  (d), 
field  madder  (g),  wild  corn  salad  (i),  dog  fennel  (m),  field  camomile  (n),  scentless 
camomile  (o),  hawkweed  picris  (s). 

White  clover  seed  imported  from  Europe  is  often  infested  with  most  of  the  kinds  of 
weed  seeds  enumerated.  American-grown  seed  may  carry  seeds  of  (fig.  17)  dock  (f), 
night-flowering  catchfly  (1),  false  flax  (q),  English  charlock  (t);  (fig.  18)  wild  carrot  (d), 
rat-tail  plantain  (1),  buckhorn  (m),  oxeye  daisy  (q);  (fig.  l9)  witch-grass  (b),  green 
foxtail  (d),  sorrel  (h),  lamb 's-quarters  (1),  etc.  The  absence  of  seeds  usually  found 
only  in  seed  imported  from  Europe  is  most  suggestive  of  the  domestic  origin  of  white 
clover  seed . 

The  weed  seeds  fairly  characteristic  of  European-grown  white  clover  seed,  especially 
when  taken  collectively,  include:  (Fig.  18)  clover  dodder  (g);  (fig.  19)  wild  spurry  (p), 
chickweed  (q),  forked  catchfly  (t);  (fig.  20)  wild  geranium  (i  and  j),  red  pimpernel  (o), 

orget-me-not  (q);  (fig.  21)  field  madder  (g),  wild  corn 
%lad  (i),  scentless  camomile  (o),  hawkweed  picris  (s). 


^f# 


TESTING  CRIMSON  CLOVER  SEED. 

The  seed  of  crimson  clover  is  larger  than 

>!(??!^^        that  of  the  other  clovers,  the  individual  seeds 

Qf^  £^gm        being  elliptical  and  so  slightly  flattened  that 

©  *  ^^B^Ta        they  roll  readily  on  a  flat  surface  (fig.  25). 

^         Fresh  seed  is  pinkish  and  has  a  bright  luster. 

^VnWed  and  L?Sze'^''''    ^^  the  sccd  agcs  it  bccomcs  dull  and  reddish 

brown.  The  viability  deteriorates  rapidly. 
Adulteration  is  confined  chiefly  to  the  use  of  old  seed,  which  may 
usually  be  distinguished  by  its  color.  Considerable  trefoil  and  red 
clover  screenings  sometimes  appear.  Dodder  occurs  only  in  lots  con- 
taining dodder-infested  red  clover  screenings,  because  the  crimson 
clover  is  harvested  before  dodder  seed  matures. 

Most  of  the  crimson  clover  seed  in  the  American  market  is  imported 
from  Europe.  American  seed  is  produced  chiefly  in  Delaware,  New 
Jersey,  and  Maryland.  A  white-seeded  variety  of  crimson  clover  is 
imported  from  Europe. 

The  purity  of  this  seed  should  be  99  per  cent  or  higher.  The  viabil- 
ity should  be  98  or  99  per  cent.  Very  little  hard  seed  appears  in  the 
germination  test,  which  ranges  from  two  to  six  days  in  duration. 

The  noxious  weed  seeds  found  in  crimson  clover  seed  include:  (Fig.  17)  chess  (c),, 
darnel  (d),  dock(f),  black  bindweed  (g),  corn  cockle  (i),  white  campion  (j),  bladder  cam- 
pion (k),  night-flowering  catchfly  (1),  pennycress  (n),  field  peppergrass  (o),  false  flax 
(p  and  q),  ball  mustard  (r),  black  mustard  (s),  English  charlock  (t);  (fig.  18)  Indian 
mustard  (a),  hare's-ear  mustard  (b),  wild  carrot  (d),  clover  dodder  (g),  field  dodder  (i), 
corn  gromwell  (k),  rat-tail  plantain  (1),  buckhorn  (m),  oxeye  daisy  (q),  Canada  thistle 
(r),  wild  chicory  (t). 

Other  weed  seeds  commonly  found  in  crimson  clover  seed  include:  (Fig.  19)  crab- 
grass  (a),  witch-grass  (b),  yellow  foxtail  (c),  green  foxtail  (d),  soft  chess  (f),  sorrel  (h), 
knotweed  (1),  pale  knotweed  (j),  lamb 's-quarters  (1),  wild  spurry  (p),  chickweeds  (q 
and  r),  forked  catchfly  (t);  (fig.  20)  creeping  buttercup  (a),  peppergrass  (b),  shepherd's 
purse  (c),  hop  clover  (e),  yellow  trefoil  (f),  bird's-foot  trefoil  (g),  three  kinds  of  wild 
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geranium  (h,  1,  and  J),  stork 's-bill  i^k),  npurKi?  (1).  nnl  nimpernol  (o),  Um 
vervain  (r);  (lig,  21)  hcnilall  (b),  n)Ugli-ieavo(i   U>aullax  (c),  Hnialh'i 


^)i 


Slanlain  (d),  dwarf  plantain  (f),  liold  matidor  (g),  cloavorHlh),  wil<l  corn  t<;il;i'l    I  and  J), 
og  fonnol  (m).  lii'hl  nunomile  (n),  wentless  ramomile  (o),  corn  llowcr  (p),  rat  W'ar  (q), 
'  uvkwetul  picris  (s). 

Crimson  clover  sood  of  domestic  production  is  often  characterized 
hv  the  nroscnco  of  one  or  more  of  sovcMal  kinds  of  weed  seeds,  some 
of  whioii  are  not  considered  in  tliis  ])iillctin.  Two  of  tlicse  kinds, 
liowever,  are  spurge  (fig.  20,  1)  and  dwarf  plantain  {i\^.  21,  f).  The 
absence  of  the  Kinds  given  in  the  foHowing  list  affords  strong  indi<}i- 
tion  of  domestic  production. 

The  \v(M?d  seeds  especially  suggestive  of  European  production  include:  (Fig.  19) 
lickweed  (q),  forkecl  catclifly  (t);  (fig.  20)  creeping  buttercup  (a),  bird's-foot  trefoil 
{g),  wild  gemniums  (h,  i,  and  j),  rtnl  pimpernel  (o).  forget-me-not  (q),  vers'ain  (r); 
(Tig.  21)  rough-leaved  toadflax  (c),  field  madder  (g),  wild  corn  sidad  (i  and  J),  scentless 
camomile  (o),  hawkweed  picris  (s).  The  oresence  of  white  seeds  of  crimson  (JDvor 
is  an  additional  indication  of  Eurt>pean  prociuction. 

TESTING   ALFALFA    SEED. 


Fia.  26.— Seeds  of  alfalfa:  a,  Individual  seeds,  showing  vari- 
ation in  form;  b,  edge  view  of  a  seed,  showing  the  scar; 
c,  natural  size  of  seeds. 


Alfalfa  seed  is  distinguishable  from  the  clover  seeds  by  the  some- 
what variable  kidney- 
shaped  form  of  individual 
seeds  (figs.  2,  4,  5,  6,  and  26) 
and  by  the  greenish-yellow 
or  light-bro\Mi  color.  Old, 
poorly  developed,  and 
shriveled  seeds  have  a  dull, 
reddish  -  browTi  color.  In 
general  the  details  of  testing 
red  clover  seed  (p.  33)  may 
be  followed  intestmg  alfalfa. 

Alfalfa  seed  is  adulterated 
bv  the  use  of  (1 )  vellow  tre- 
foil (figs. 4  and  23),  (2)  sweet 
clover  (figs.  5  and  27),  (3) 
bur  clover  (fig.  6),  (4)  light,  shriveled  alfalfa  screenings  or  low-grade, 
weedy  seed. 

Besides  giving  especial  attention  to  the  matter  of  adulteration  the 
(question  or  domestic  or  of  European  production  should  be  considered 
in  making  the  purity  test.  Much  of  the  seed  on  the  market  is 
imported  and  the  question  of  domestic  or  foreign  production  often 
can  be  determined  by  the  weed  seeds  present. 

The  puritv  should  attain  98  or  99  per  cent,  the  viability  97  to  99 
per  cent.  The  germination  test  should  be  completed  in  six  days, 
most  of  the  seeds  sprouting  during  the  second  and  third  days.  Con- 
siderable hard  seed  is  often  found  in  new  seed. 

The  noxious  weed  seeds  found  in  alfalfa  seed  include:  (Fig.  17)  sand  bur  (a),  wild 
oat  (b),  chess  (c),  quack-grass  (e),  dock  (f),  black  bindweed  (g),  Russian  thistle  (h), 
com  cockle  (i),  white  campion  (j),  bladder  campion  (k),  night-flowering  catchfiy  (1), 
cow  cockle  (m),  jjennycress  (n),  field  pepper^ass  (o),  false  flax  (p  and  q),  black  mus- 
tard (s),  English  charlock  (t);  (fig.  18)  Indian  mustard  (ai,  hare's-<?ar  mustard  (b), 
tumbling  mustard  (c),  wild  carrot  (d),  field  bindweed  (e),  clover  dcxlder  (g),  small- 
seeded  alfalfa  dodder  (h),  field  dodder  (i).  large-seeded  alfalfa  d»Klder  (j).  corn  grom- 
well  (k),  rat-tail  plantain  (1),  buckhom  (m),  ragweed  (n),  gumweed  (o),  wild  sun- 
flower (p),  oxeye  daisy  (q),  Canada  thistle  (r),  bull  thistle  (»),  wild  chicory  (t). 
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Other  weed  seeds  commonly  found  in  alfalfa  seed  include:  (Fig.  19)  crab-grass  (a), 
witch-grass  (b),  yellow  foxtail  (c),  green  foxtail  (d),  soft  chess  (f),  sorrel  (h),  knotweed 
(i),  pale  knotweed  (j),  lady's- thumb  (k),  lamb 's-quarters  (1),  wild  saltbush  (m),  rough 
amaranth  (n),  spreading  amaranth  (o),  wild  spurry  (p),  chickweeds  (q  and  r),  mouse- 
ear  chickweed  (s),  forked  catchfly  (t);  (fig.  20)  creeping  buttercup  (a),  peppergrass  (b), 
shepherd's  purse  (c),  cinquefoil  (d),  hop  clover  (e),  yellow  trefoil  (f),  bird's-foot  trefoil 
(g),  wild  geraniums  (h,  i,  and  j),  spiny  sida  (m),  evening  primrose  (n),  red  pimpernel 
(o),  sticktight  (p),  vervain  (r);  (fig.  21)  catmint  (a),  healall  (b),  rough-leaved  toadflax 
(c),  smaller  broad-leaved  plaintain  (d),  bracted  plantain  (e),  field  madder  (g),  cleavers 
(h),  wild  corn  salad  (i  and  j),  poverty  weed  (k),  dog  fennel  (m),  field  camomile  (n), 
scentless  camomile  (o),  cornflower  (p),  cat's-ear  (q),  oxtongue  (r),  hawkweed  picris  (s). 
The  bulk  of  the  domestic  alfalfa  seed  is  produced  in  the  Western  States  and  many 
kinds  of  weed  seeds  it  carries  are  distinctly  different  from  those  appearing  in  imported 
seed.  The  weed  seeds  (if  not  associated  with  kinds  distinctly  foreign)  pointing  decis- 
ively to  domestic  production  are:  (Fig.  17)  sand  bur  (a),  Russian  thistle  (h),  cow 
cockle  (i)  fragments;  (Fig.  18)  tumbling  mustard  (c),  small-seeded  alfalfa  dodder  (h), 
the  form  of  field  dodder  (i)  having  light-colored  seeds,  large-seeded  alfalfa  dodder  (j), 
ragweed  (n),  gumweed  (o),  wild  sunflower  (p);  (fig.  19)  wild  saltbush  (m),  spreading 
amaranth  (o);  (fig.  20)  spiny  sida  (m);  and  (fig.  21)  poverty  weed  (k). 

European  origin  of  alfalfa  is  indicated  by  the  presence  oi  the  following  weed  seeds: 
(Fig.  17,  w^hite  campion  (j);  (fig.  18)  wild  carrot  (d),  clover  dodder  (g),  wild  chicory  (t); 
(fig.  19)  wild  spurry  (p),  chickweed  (q),  forked  catchfly  (t);  (fig.  20)  creeping  butter- 
cup (a),  bird's-foot  trefoil  (g),  wild  geraniums  (h,  i,  and  j),  red  pimpernel  (o),  vervain 

(r);  (fig.  21)  rough-leaved  toadflax 
(c),  field  madder  (g),  wild  corn  salad 
(i  and  j),  scentless  camomile  (o),  ox- 
tongue (r),  hawkweed  picris  (s). 

TESTING  ORCHARD  GRASS 

#«,«.^— — ^  SEED. 

™.  ^^gjpssw^  Orchard    grass   seed    should 

«A  c  be   carefully  mixed   before  the 

^ir  .  test  sample  is  taken,  because 

small  and  relatively  heavier 
impurities  are  hkely  to  settle 
to  the  bottom  of  the  bulk  sam- 

FiG.  27.— Seeds  of  sweet  clover:  a,  Seeds  showing  vari-      pie.       Seed  CQUal  tO  the  Weight 
ation  in  form  and  size;  b,  natural  size  of  seeds;  c,  a         f    ioi    "DTJ  ^u^^^   -.^    ,^  U^  ■i-^^^^■^ 

pod  of  sweet  clover.  OI  12|  Bd  siiots  may  DC  taken 

for  the  test  sample. 
Orchard  grass  seed  is  readily  identified  by  the  slender,  pointed 
form  of  the  seed  in  the  chaff.  The  lemma  of  the  seed  is  angled  on 
the  back  and  is  curved  to  one  side  toward  the  pointed  apex  (fig.  10, 
a).  The  seeds  are  three-eighths  inch  to  one-half  inch  long.  Some 
of  the  seeds  bear  the  sterile  chaff  of  a  second  seed  (middle  of  fig. 
10,  a). 

Orchard  grass  seed  is  adulterated  by  the  use  of  EngHsh  rye-grass 
seed,  meadow  fescue  seed,  and  orchard  grass  chaff.  The  seeds  of 
meadow  fescue  (fig.  10,  b)  and  of  English  rye-grass  (fig.  10,  c)  are 
very  similar.  They  are  about  the  same  length  as  the  orchard  grass 
seeds,  but  are  flattened  and  broader,  not  curved  nor  slender  pointed. 
When  seen  under  a  magnifier  the  two  kinds  may  be  distinguished  by 
the  difference  between  the  rachilla  segments,  that  of  meadow  fescue 
being  slender,  cylindrical,  and  distinctly  expanded  at  the  apex;  that 
of  EngHsh  rye-grass  usually  wedge  shaped,  flattened,  and  scarcely 
expanded  at  the  apex  (fig.  11,  b  and  c).  Both  of  these  kinds  of  seed 
often  appear  as  adulterants  of  the  same  lot  of  orchard  grass  seed. 
Orchard  grass  chaff  may  be  distinguished  by  its  light  weight,  some- 
times to  some  extent  by  its  light  color  and  by  the  absence  of  a  grain 
as  observed  by  pressure. 
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If  in  makinjr  a  practical  test  i)t  orcluird  i^nxss  sood  the  ciupiy, 
chaffy  seeds  freed  fniin  other  chafTv  material  are  separated  from 
ainonj::  the  jjraiii-hearinji:  seeds  the  lahor  is  <::reatly  increased.  Such 
chaiTy  seeds  may  better  he  left  with  the  ^rain-h(»aring  seeds  and 
indiscriminately  counted  for  the  jjermination  test,  in  which  the  true 
value  will  appear.  This  test  requires  fourteen  days.  New,  well- 
cleaned  seed  should  germinate  95  to  98  per  cent.  The  purity  should 
be  98  or  99  per  cent. 

The  noxious  wetnl  eeeda  found  in  orchard  p^oss  inchide:  (Fig.  17)  wild  oat  (b), 
chess  (c),  dock  (f),  including  the  chaffy  covering,  Mack  bindweed  (g),  bhulder  cam- 

Eion  (k),  field  pe|)pergra.s.s  (o^;  (fig.  18)  tumbling  mustard  (c),  rat-tail  plantain  (1), 
uckhorn  (m),  oxeve  daisy  iq^. 

Other  wet»d  pee<fa  commonly  found  in  on*har<l  grass  seed  include:  (Fig.  19)  crab- 
grass  (a),  wit<li-grass  (b),  velvet  grains  (c),  soft  chess  (f),  sedge  (g),  sorrel  (h),  lamlj's- 
quarters  (1).  mugh  amaranth  (n);  (lig.  20)  creeping  l)uttercup  (a),  peppcrgrass  (b), 
wild  geranium  (i);  (tig.  21)  lieM  madder  (g),  (leavers  (h),  scentless  camomile  (o), 
cat's-ear  (q). 

TESTING  MEADOW  FESCUE  SEED. 

Indiviiiual  meadow  fescue  seeds  are  boat-shaped,  three-eifijhtlis 
inch  to  one-half  inch  lonf?,  ilattened;  the  lemma  rounded,  its  apex 
rather  bluntly  pointed.  Tlie  characteristic  rachilla  sej^ment  is  slender, 
cylindrical,  and  distinctly  expanded  at  the  apex  (fig.  10,  b;  ii<^.  11,  b). 
"  Meadow  fescue  is  often  adulterated  with  seed  of  English  rye-grass, 
which  is  almost  identical  in  form  but  may  be  distinguished  by  the 
rachilla  segment  which  is  usually  wedge  shaped,  flattened,  and  scarcely 
expanded  at  the  apex  (lig.  1(),  c;  fig.  11,  c).  Tiie  examination  of 
meadow  fescue  seed  for  Englisii  rye-grass  as  an  adulterant  should 
always  be  made.  The  extent  of  the  adulteration  may  be  determined 
by  count  from  1,000  seeds  of  the  mixture  as  previously  described. 

The  seed  of  chess  (fig.  11,  d)  has  been  used  as  an  adulterant  of 
meadow  fescue  seed.  The  chess  seeds  are  larger,  usually  cyhndri- 
callv  folded,  and  sometimes  have  a  short  awn  at  the  apex.  The  ra- 
chilla segment  is  curved  and  club  shaped. 

Meadow  fescue  seed  usually  is  comparatively  free  from  meadow 
fescue  chaff,  but  very  poor  seed  may  contain  cliaif  of  orchard  grass 
or  worthless  orchard  grass  seed.  The  purity  should  reach  99  per 
cent,  the  viabiUty  95  to  98  per  cent. 

The  noxious  weed  seeds  found  in  meadow  fescue  seed  include;  (Fig.  17)  chess  (c), 
quack-grass  (e),  dock  (f),  bladder  campion  (k),  field  peppergrass  (o),  small-fruited 
felse  flax  (qi,  English  charlock  (t);  and  buckhorn  (fig.  18,  m). 

Other  weed  seeds  found  in  meadow  fescue  seed  inchide:  (Fig.  19)  crab-grass  (a), 
witch-grass  (b),  yellow  foxtail  (c),  green  foxtail  (d),  velvet  grass  (e),  soft  cheae 
(£),  sedge  (g).  sorrel  (h),  lady's-thumb  (k),  lamb's-quarters  (1),  wild  spurry  (p);  (fig.  20) 
creeping  buttercup  (a),  peppergrass  (b),  yellow  trefoil  (f),  forget-me-not  (q);  (fig.  21) 
bracted  plantain  (e),  field  madder  (gi,  cat's-ear  (q),  hawkweed  (t). 

TESTING  TIMOTHY  SEED. 

Timothy  seed  is,  as  a  rule,  very  pure  and  not  subject  to  adultera- 
tion other  than  by  the  use  of  old  seed.  Tests  of  this  seed  are  easily 
made. 

After  thorough  mixing,  a  quantity  of  seed  equaling  the  weight  of 
6^  BB  shots,  at  least,  should  be  taken  for  the  test  sample.  Timothy 
seed  is  readily  identified  (fig.  28).  It  appears  both  in  the  chaff  (a) 
and  as  free  grains  (b).     Seed  in  the  chaff  should  have  a  silvery-white 
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40  TESTING   FARM   SEEDS. 

appearance.  Free  grains  are  slightly  darker  and  dull.  If  they  are 
brown  a  damaged  condition  is  suggested.  The  purity  should  be  99 
per  cent  or  higher;  the  viability  98  or  99  per  cent.  The  germination 
test  requires  five  or  six  days.  In  addition  to  the  weed  seeds  found 
in  timothy  some  lots  contain  Kentucky  bluegrass  seed  and  Canada 
bluegrass  seed  (fig.  9)  and  alsike  clover  seed  (fig.  24) . 

The  noxious  weed  seeds  found  in  timothy  include:  (Fig.  17)  dock  (f),  bladder  cam- 
pion (k),  night-flowering  catchfly  (1),  small-fruited  false  flax  (q);  (fig.  18)  rat-tail  plan- 
tain (1),  buckhorn  (m),  Canada  thistle  (r).  European  timothy  seed  is  said  to  sometimes 
contain  clover  dodder  (fig.  18,  g),  probably  due  to  its  being  grown  with  dodder-infested 
clover.  This  dodder  does  not  occur  in  American  or  Canadian  timothy  seed.  The 
most  serious  impurity  is  Canada  thistle  seed  found  in  Canadian-grown  timothy. 

Other  weed  seeds  occurring  in  timothy  seed  include:  (Fig.  19)  witch-grass  (b),  yel- 
low foxtail  (c),  green  foxtail  (d),  sedge  (g),  sorrel  (h),  lady's-thumb  (k),  lamb's-quar- 
ters  (1),  mouse-ear  chickweed  (s);  (fig.  20)  peppergrass  (b),  shepherd's  purse  (c),  cin- 
quefoil  (d),  yellow  trefoil  (f),  evening  primrose  (n);  (fig.  21)  catmint  (a),  smaller 
broad-leaved  plantain  (d),  dog  fennel  (m),  field  camomile  (n). 

TESTING  KENTUCKY   BLUEGRASS    SEED. 

The  Kentucky  bluegrass  seed  in  the  American  market  is  produced 

in  this  country,  chieflv  in  Ken- 
tucky. Seed  in  bulk  has  a 
brownish-straw  color.  Individ- 
ual seeds  are  canoe  shaped, 
approximately  three  thirty- 
seconds  of  an  inch  long,  the 
back  of  the  lemma  being  sharply 
angled.  A  slender  ridge  on  each 
side  of  the  angle  of  the  lemma 
is  usually  evident  (fig.  9,  a). 

The  chief  points  to  be  consid- 
ered in  testing  Kentucky  blue- 
grass  seed  are  the  presence  of 
Canada    bluegrass   seed    as   an 

Fig.  28.— Seeds  of  timothy:  a,  Grains  in  the  hull,  o^      adulterant  and   the  presence  of 
chafi;  b,  grains  removed  from  the  chafi;  c,  the  same,         _      _-|  _^_ i    ^ii\^u^ix  ^^  ^£ 

natural  size.  'an  unduc  amount  or  Chan  or  or 

dead  seed. 
Canada  bluegrass  seed  has  been  employed  in  large  quantities  as  an 
adulterant  of  or  a  substitute  for  Kentucky  bluegrass  seed.  Its  seed 
is  very  similar  to  the  latter,  but  can  be  distinguished  by  means  of  a 
magnifier.  In  general  Canada  bluegrass  seed  in  bulk  has  a  some- 
what lighter  color.  Its  individual  seeds  (fig.  9,  b)  are  broader,  more 
blunt  and  papery  at  the  apex,  and  the  sides  of  the  lemma  are  devoid 
of  the  ridges  which  are  distinct  in  seeds  of  Kentucky  bluegrass  seeds 
(fig.  9,  a  and  b;  fig.  16).  The  extent  of  adulteration  is  determined 
from  1,000  seeds  of  the  mixture  counted  indiscriminately. 

Since  it  is  difficult  to  remove  all  the  sterile  chaff  from  seeds  contain- 
ing a  grain,  it  will  suffice  in  making  practical  tests  to  remove  the  light- 
est chaff,  pieces  of  stems,  leaves,  etc.,  as  inert  matter,  endeavoring  to 
leave  all  the  grain-bearing  seeds  with  the  pure  seed,  which  by  this 
method  will  contain  also  some  empty,  or  sterile,  seeds.  The  pure  seed 
and  chaff  are  separated  by  placing  the  weighed  sample,  a  little  at  a  time, 
on  a  smooth  cardboard  tray  and  pouring  it  into  another  tray,  allowing 
the  seeds  to  roll  across  the  face  of  the  tray.     The  light  chaff  is  held 
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Ix'liiiul,  wliilo  the  hoavior  «^'riiin-i>i'arm;4  mhhIs  iH)ii  oil.  tarflullv  ic- 
|)oatin«j:  tho  onoratioii  two  or  tluvo  (iiiios  oirocts  a  very  salisfactorv 
separation.  After  reinovinj^  the  foreij^ii  seeds,  the  seeds  (*J()()  in  dupli- 
cate) for  the  <:ermination  test  are  to  he  counted  out  from  tl»e  *'pure 
scvd^'  separation,  tlie  ehalTy  and  j^rain-bearing  seeds  being  taken 
indiserininiately. 

Kentucky  bhiej::rass  seed  should  bo  com])aratively  free  from  chafT, 
hut  the  methods  of  cleaninj;  in  use  leave  from  10  to  20  per  cent  or  more 
of  chair  with  the  pure  seed.  Some  samples  show  the  ])urity  ranj^inj: 
from  SO  to  85  ])er  cent,  but  most  tests  ran«^o  from  70  to  <S()  |)er  cent  and 
nianv  fall  much  lower.  The  viability  ran«j:es  from  SO  to  90  per  cent  in 
the  best  samples,  but  most  tests  ran<'e  from  65  to  SO  j)er  cent  and 
many  fall  lower.  The  method  of  making  the  ])urity  test  f^iven  here 
tends  to  j^ive  hij^her  purity  and  lower  viability  than  more  carefully 
made  ollicial  tests.  The  most  of  the  spionfs  nDncii-  wllhin  nine  <.r 
ten  days,  others  appearing  from 


time  to  time  until  the  twenty 
eighth  day.  Onlv  a  very  light 
overing,  if  any,  should  l)e  placed 
over  the  seeds.  It  is  better  that 
they  remain  uncovered  on  the 
cloth  or  i)aj)er  if  the  inverted  dish 
keeps  the  air  about  the  seeds  moist . 

The  noxious  weed  seeds  found  in  Ken- 
nicky  bluegrass  seed  inchide:  (F'ig.  17) 
dock  (t).  small-fniited  false  flax  (q);  (fig. 
18)  com  gromwell  (k),  rat-tail  plantiiin 
(I),  buckhorn  (m),  also  Canada  thistle  (r) 
when  mixed  with  Canada  bluegrass. 

Other  weed  seeds  found  in  Kentucky 
bluegrass  seed  include:  (Fig.  19)  sedge 
(g),  sorrel  (h),  lamb 's-quarters  (1),  mouse- 
ear  chickweed  (s);  (fig.  20)  peppergrass 
(b),  shepherd's  purse  (c),  cinquefoil  (d^; 
(fig.  21)  dog  fennel  (m),  cat's-ear  (q), 
hawkweed  (t). 
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Fig.  29.— Seeds  of  redtop  representing  the  "  fancy  " 
(or  "solid")  grade  of  tne  trade:  a,  Different  views 
of  seeds  having  the  white,  papery,  Inner  chaff; 
b,  two  views  of  a  grain,  or  kernel,  with  the  inner 
chaff  removed;  c,  the  same,  natural  size. 


TESTING   REDTOP    SEED. 

In  testing  redtop  seed  it  should  be  borne  in  mind  that  three  grades 
of  this  seed  are  offered  in  the  trade  under  the  names  (1)  ''recleaned" 
or  '/solid"  seed,  (2)  ''unhulled,"  and  (3)  ''chaff"  seed.  The  appli- 
cation of  these  terms  becomes  evident  when  the  structure  of  the 
seed  is  considered.  The  recleaned  or  solid  seed  consists  (fig.  20)  of 
a  niLxture  of  free  grains  (b)  and  grains  covered  by  the  silvery,  papeiy 
inner  chaff  (a).  This  is  the  best  matured,  purest,  and  heaviest  df 
the  grades  of  redtop.  The  unhulled  grade  consists  chiefly  of  seed 
inclosed  in  the  outer  chaff  (fig.  30,  a).  This  seed  is  generally 
more  ijnmature  than  the  first  grade.  It  also  is  lighter  and  lower 
in  purity  than  the  other.  Chaff  redtop  is  a  very  variable  grade 
consisting  largely  or  almost  entirelv  of  empty  chaff  scales  (fig.  30,  a  and 
b)  and  pieces  of  stems,  leaves,  and  other  inert  materials.  Many  sam- 
ples of  chaff  redtop  contain  very  little  solid  seed. 

The  recleaned  grade  is  usually  comparatively  free  from  impurities, 
but  sometimes  contains  timothy  to  the  extent  of  ^"^..10  n,]>irf..Tuf ;,.n 
and  so  should  be  tested  in  this  respect. 
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TESTING  FARM   SEEDS. 


In  making  a  practical  test  of  the  unhulled  and  chaff  grades  of 
redtop  the  Hghtest  chaff  niay  be  blown  carefully  from  the  heaviest 
seed  of  a  quantity  of  seed  of  known  weight.  Some  seeds  will  retain 
the  inclosing  outer  chaff,  giving  them  the  appearance  shown  in  figure 
30,  a.  Slight  rubbing  will  loosen  this  outer  chaff,  when  it,  too,  may 
be  blown  away,  leaving  the  pure  seed  in  essentially  the  same  con- 
dition as  shown  in  the  recleaned  grade.  This  seed,  after  removing 
the  ergot,  timothy,  and  other  foreign  seeds,  may  then  be  weighed 
and  its  quantity  compared  with  the  quantity  of  the  original  test 
sample.  Such  a  comparison  sometimes  shows  a  surprisingly  small 
quantity  of  true  seed  m  chaffy  grades. 

The  purity  of  commercial  redtop  seed  is  evidently  dependent  on 
the  trade  grade  and  the  extent  to  which  the  grades  are  cleaned. 
The  solid  or  recleaned  grade  should  show  a  purity  of  95  to  98  per 

cent.  The  germination  should  be 
as  high.  The  unhulled  grade  is 
more  variable  both  as  to  purity 
and  viability.  The  purity  is  in- 
fluenced by  the  widely  variable 
quantity  of  broken  leaves,  ergot, 
and  loose  chaff,  and  the  viability 
varies  because  of  the  practically 
worthless  immature  and  unde- 
veloped grains  which  constitute  a 
variable  proportion  of  this  grade 
of  seed. 

The  noxious  weed  seeds  found  in  red- 
top  (chiefly  in  the  chaffy  grades,  include: 
(FJg.  17)  dock  (f);  (fig.  18)  tumbling 
mustard  (c),  rat-tail  plantain  (1),  buck- 
horn  (m),  oxeye  daisy  (q). 

The  commoner  of  the  other  weed  seeds 

found  in  redtop  seed   include:  (Fig.  19) 

crab-grass  (a),  witch-grass  (b),  sedge  (g),  lamb 's-quarters  (1),  chickweed  (r);  (fig.  20) 

peppergrass  (b),  shepherd's  purse  (c),  cinquefoil  (d);  (fig.  21)  black-eyed  Susan  (1), 

dog  fennel  (m),  field  camomile  (n). 


Fig.  30.— Chaff  of  redtop  seed:  a,  Whole  spikelets 
usually  devoid  of  seed  in  "  chaffy"  grades;  b,  sep- 
arated" scales  of  the  same;  a  and  b  represent  the 
outer  chaff  of  the  seed.    (Enlarged.) 


TESTING  AWNLESS  BROME-GRASS  SEED. 


Both  domestic  and  imported  seed  of  awnless  brome-grass  (Bromus 
inermis)  is  in  the  American  market.  This  seed  should  be  readily 
recognized  by  its  large  size  and  thin,  boat-shaped  form  and  the  light- 
brown  color  of  the  individual  seeds.  The  large,  thin,  dark-brown 
grain  of  the  seed  is  easily  distinguished  through  the  papery  palea 
(fig.  11,  a). 

Adulteration  of  awnless  brome-grass  seed  consists  in  the  use  of 
seed  of  meadow  fescue  and  of  English  rye-grass  (fig.  11,  b  and  c.) 
The  seed  of  chess,  or  cheat,  sometimes  passes  in  the  trade  as  awnless 
brome-grass  seed.  These  two  kinds  of  seed  are  closely  related  botan- 
ically,  but  they  are  readily  distinguishable  under  careful  observa- 
tion (fig.  1 1 ,  a  and  d) . 

One  objection  to  the  use  of  brome-grass  seed  imported  from 
Europe  is  that  it  carries  the  seed  of  quack-grass  (fig.  17,  e).  Unfor- 
tunately in  respect  to  popular  seed  testing,  awnless  brome-grass  seed 
produced  in  the  Northwestern  States  and  in  Canada  may  carry  seed 


428 


of  \vluMit-*!:niss  wliicli  is  so  similar  Id  Ihal   ol   (|imck-f^rass  that  the 
hiyiuan  is  not  Hkely  to  distiufrnish  (liom  with  rertainty.** 

Tho  nuinhcr  of  kinds  of  wootl  sootis  carriod  by  awidoss  br<  • 
seed  is  comparatively  small,  but  some  of  them  are  very  iiud' 

Awnless  brome-jrrass  seed  should  show  purity  of  98  or  99  per  cent 
and  viability  of  90  to  95  per  cent  in  fourteen  days. 

The  noxious  weed  seeds  found  in  this  seed  inchide:  (Fig.  17)  wild  oat  Tb),  chefls 
(c\  qtuuk-iinuss  (c).  black  bindwood  (g),  pcnnycress  (n),  field  peppergnuw  (o),  large- 
fniitoil  falso  llax  (p>;  and  \\vU\  bindwood  (lig.  18,  c). 

Othor  wood  wMvlrt  8<)inetiinos  appearing  in  awnleas  broine-prass  seed  include:  (Fig. 

19)  «>ft  chess  (f),  lady's-tlunnb  (k),  lanib's-qiiarters  (1),  rough  amaranth  (n);  (fig. 

20)  yellow  tn'foil  (f),  sticktight  (p);  and  cleavers  (fig.  21.  h). 

European  origin  of  awnless  bronie-grasa  seed  is  Btn>ngly  suggc»sted  by  the  presence 
of  seetls  of  quack-graifts  (fig.  17.  e\  false  flax  (fig.  17.  pV  fiebl  bindweed  (fig.  18,  e), 
and  soft  chess  (fig.  19,  f). 

TESTING    SEED    OF  MILLETS. 

The  millets  used  as  foraj^e  crops  in  this  country  represent  three 
distinct  kinds  of  grasses — the  broom-corn,  or  grain,  millets  (fig. 
31,  a),  the  foxtail  millets  (German,  common,  and  Hungarian;  fig. 
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FiQ.  31.— Seeds  representing  the  three  groups  of  millets:  a.  Broonworn  millet;  b,  foxtail  millets,  includlnK 
the  German,  common,  and  Hungarian  varieties;  c,  barnyard  and  Japanese  millets.  (Enlarged  ana 
natural  size.) 

31,  b),  and  the  barnyard  and  Japanese  millets  (fig.  31,  c).     The  seed 
test  should  show  which  kind  is  involved. 


Seeds  of  the  broom-corn  millets  (fig.  31,  a)  are  mostly  free  from 
le  brown,  papery,  loose-fitting  chafif;  they  are  broadly  oval,  robust, 
highly  polisnecl,  shining,  and  tend  to  roll  readily  on  a  plane  surface. 


the  brown,  papery,  loose-fitting  chaff;  they  are  broadly  oval,  robust, 

polisnecl,  shi 
The  color  varies  in  different  varieties  and  inclucles  straw-color,  light 


yellow,  orange,  gray,  and  dark  brown. 

Seed  of  the  foxtail  millets  (fig.  31,  b)  appears  both  with  and 
without  the  thin,  whitish,  outer  chaff,  most  ol  the  seeds  being  free 
from  it.  With  the  outer  chaff  removed,  the  seeds  present  a  finely 
roughened,  or  stippled,  surface  which  has  a  slight  luster.  German 
millet  seeds  usually  are  broadly  oval,  robust;  tliey  roll  readily  and 
are  commonly  orange  colored.  Common  millet  seeds  are  oval,  but 
relatively  longer  in  proportion  to  their  width  than  seeds  of  German 
millet;  yellowish  or  greenish  in  color.  Hungarian  millet  seed  con- 
sists of  a  mixture  of  yellow  or  golden  colored  seeds  and  of  dark- 
purple  seeds.  The  darker  seeds  are  often  mottled.  Seeds  of  the 
foxtail  naillets,  particularly  those  of  common  millet,  are  distinguish- 

•^  Circular  No.  73  of  the  Bureau  of  Plant  Industry  points  out  the  distinguishing 
characters  of  the  seeds  of  quack-grass,  slender  wheat-graas,  and  western  wheat-grass. 
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able  from  the  similar  seeds  of  the  weed,  green  foxtail  (fig.  19,  d), 
by  their  slightly  larger  size  and  more  polished  surface. 

Seed  of  barnyard  millet  including  that  of  Japanese  millet  (fig.  31,  c) 
is  chiefly  inclosed  in  the  light-brown  or  darK-brown,  hairy,  sharp- 
pointed  outer  chaff.  With  this  chaff  removed,  the  seed  is  oval, 
whitish  or  gray,  smooth,  and  polished,  plano-convex,  the  convex 
face  strongly  arched  (fig.  31,  c). 

The  purity  of  all  the  millets  should  reach  99  per  cent,  the  viability 
95  per  cent  or  higher  in  three  to  five  days. 

Much  of  the  seed  of  all  the  millets  used  in  this  country,  excepting 
possibly  the  common  barnyard  millet,  is  imported,  and  many  kinds 
of  injurious  weeds  are  thus  introduced.  This  is  particularly  true  of 
the  broom- corn  and  foxtail  millets.  About  the  same  kinds  of  weed 
seeds  are  carried  by  each. 

The  noxious  weed  seeds  found  in  broom-com  millet  include:  (Fig.  17)  dock  (f), 
black  bindweed  (g),  com  cockle  (i),  night-flowering  catchfly  (1),  cow  cockle  (m), 
pennycress  (n),  ball  mustard  (r),  English  charlock  (t);  (fig.  18)  Indian  mustard  (a), 
hare's-ear  mustard  (b),  tumbling  mustard  (c),  field  bindweed  (e),  corn  gromwell  (k), 
rat-tail  plantain  (1),  buckhom  (m),  wild  sunflower  (p),  Canada  thistle  (r),  wild 
chicory  (t). 

Other  weed  seeds  commonly  found  in  broom-com  millet  include:  (Fig.  19)  crab- 
grass  (a),  yellow  foxtail  (c),  green  foxtail  (d),  soft  chess  (f),  sorrel  (h),  knotweed  (i), 
pale  knotweed  (j),  lady's-thumb  (k),  lamb's-quarters  (1),  rough  amaranth  (n), 
spreading  amaranth  (o),  wild  spurry  (p);  (fig.  20)  creeping  buttercup  (a),  red  pim- 
pernel (o),  sticktight  (p),  vervain  (r);  (ng.  21)  healall  (b),  cleavers  (h),  dog  fennel  (m), 
field  camomile  (n). 

TESTING   SEED  WHEAT. 

A  practical  test  of  seed  wheat  may  be  made  in  which  the  points 
to  be  considered  are  the  quantity  of  shriveled,  or  '^ pinched,"  grains, 
the  presence  of  bunt,  the  quantity  and  character  or  the  weed  seeds, 
and  the  viability  of  the  plump  grains. 

After  thorough  mixing  of  the  bulk  sample,  a  quantity  of  seed 
equaling  the  weight  of  12^  or  even  25  BB  shots  may  be  taken  for 
the  test  sample.  This  should  be  separated  into  plump,  well-filled, 
large  grains  and  shriveled,  small  grains. 

While  making  this  separation  the  presence  or  absence  of  bunt,  or 
diseased  grains,  should  te  noted.  Such  grains  are  somewhat  above 
the  average  size  of  the  best  grains,  brown  in  color,  soft,  and  show  a 
blackened  interior  when  broken  open.  Seed  fit  for  sowing  should 
be  plump  and  well  filled;  it  should  show  at  least  99  per  cent  purity 
and  99  per  cent  viability  in  three  days  and  be  free  from  bunt. 

The  noxious  weed  seeds  found  in  wheat  include :  (Fig.  17)  wild  oat  (b),  chess  (c),  dar- 
nel (d),  quack-grass  (e),  dock  (f),  black  bindweed  (g),  Russian  thistle  (h),  com  cockle 
(1),  cow  cockle  (m),  pennycress  (n),  field  peppergrass  (o),  false  flax  (p),  ball  mustard  (r), 
black  mustard  (s),  English  charlock  (t);  (fig.  18)  Indian  mustard  (a),  hare's-ear 
mustard  (b),  tumbling  mustard  (c),  field  bindweed  (e),  corn  gromwell  (k),  ragweed  (n), 
the  similar  (but  larger)  seeds  of  giant  ragweed,  wild  sunflower  (p),  Canada  thistle  (r), 
bull  thistle  (s),  and  the  whitish  or  pinkish  bulb  lets  of  wild  garlic  which  are  some- 
times very  abundant  in  wheat  grown  in  the  Eastern  States. 

Other  weed  seeds  occurring  in  wheat  include  many  of  those  found  in  forage-crop 
seeds.  This  is  particularly  true  of  wheat  which  has  been  poorly  cleaned. 

A  test  of  a  poor  grade  of  wheat  along  the  lines  suggested  should 
convince  any  farmer  of  the  value  of  the  fanning  mills  and  suitable 
screens  used  in  grading  seed  wheat. 
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TESTING   SEED  OATS   AND  BARLEY. 

S<mm1  of  oats  and  l)arlov  may  hv  tostcd  in  j^oncral  as  outliinMl  for 
wheat.     In  tostinj;  oats  osptHnil  attention  should  ho  ^ivon  to  the 
possihle  |)rosenco  of  seed  of  wild  oat  (fiji;.  17,  b),  which  can  \>o  \r 
nizcd  hy  its  hrown  color,  the  hrovvn  hairs  at  the  hase  of  the 
the  luMit  awn  at  the  hack,  and  especially  hy  the  expanded,  cup-shaped 
scar  at  the  hase  of  the*  seed. 

The  purity  of  oats  and  harley  should  reach  99  per  cent,  the  viahility 
at  least  95  per  cent  for  oats  and  98  ()r  99  per  cent  for  barley. 

In  general  the  weed  seeds  appearin*^  in  wheat  may  be  expected  to 
appear  in  poorly  cleaned  oats  and  harley. 

TESTING  FLAX  SEED. 

Pronerly  cleaned  flax  seed  should  he  j)ractically  free  from  impuri- 
ties, tnus  showing  a  purity  of  nearly  100  per  cent.  The  viahilitv 
should  reach  99  per  cent  or  higher  in  two  or  three  days.  Both 
domestic  and  imported  seed  are  in  the  market.  Poorly  cleaned  grades 
contain  many  kmds  of  weed  seeds  which,  in  general,  include  most  of 
thos<^  found  in  millet  seed  and  in  wheat.  In  a  test  of  flax  seed  especial 
attention  should  be  given  to  the  discovery  of  seed  of  flax  dodder. 
As  shown  in  figure  12,  some  of  these  dodder  seeds  are  dou})le  and 
thus  fail  to  pass  a  sieve  which  will  remove  most  of  the  single  seeds. 
Fairly  well-cleaned  lots  of  flax  seed  are  thus  likely  to  contain  these  double 
seeds  of  dodder.  Much  of  the  imported  flax  seed  contains  seed  of  flax 
dodder.  The  very  destructive  nature  of  this  dodder  justifies  every 
effort  to  prevent  the  introduction  of  its  seed.  Seed  of  false  flax 
(fig.  17,  p)  is  a  common  noxious  impurity  which  should  be  avoided. 

TESTING  WINTER  RAPE  SEED. 

Popular  tests  of  rape  seed  are  not  likely  to  be  wholly  satisfactory 
because  of  the  difliculty  in  identifying  with  certainty  the  seeds  of 
the  difTerent  kinds  of  rape  and  the  closely  allied  mustard  weeds. 
Seed  of  the  more  important  ^vinter,  or  Essex,  rape  may  generally  be 
recognized  by  the  relatively  large  size  of  the  inch  vidua!  seeds  (some- 
what lart^er  than  those  of  summer  rape  or  of  turnip),  by  their  steel- 
black  color,  and  their  roundness,  allowing  them  to  roll  readily  on  a 
plane  surface.  Summer  rape  seeds  are  mostly  smaller,  consisting 
of  a  mixture  of  black  and  reddish  seeds,  some  of  the  black  seeds 
being  distinctly  pitted,  or  nearly  all  the  seeds  reddish.  Some  lots 
of  seed,  particularlv  of  summer  rape,  are  adulterated  with  seed  of 
English  cliarlock  (fi^.  17,  t).  As  a  rule  the  charlock  seeds  may  be 
distino^uished  by  their  smaller  size,  more  nearly  spherical  form,  their 
smoother  surface  and  by  the  presence  of  mature  reddish  or  brown 
seeds  with  the  black  ones.  Some  lots  of  rape  seed  are  heavily  adul- 
terated with  seed  of  Indian  mustard  (fig.  18,  a).  These  seeds  are 
readily  recognized  by  their  unifoiTnly  reddish-brown  color  and  by 
the  netted  or  pitted  surface  as  seen  under  a  magnifier.  The  purity 
of  winter  rape  should  be  99  per  cent  or  higher,  tlie  viabilit}^  as  hi^h 
under  a  test  of  two  or  three  days'  duration.  A  miscellaneous  series 
of  w^eed  seeds,  most  of  which  are  previously  described  and  figured, 
is  likely  to  appear  in  poorly  cleaned  grades  of  rape  seed,  particularly 
the  summer  variety. 
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TESTING  VETCH  SEED. 

A  popular  test  of  vetch  seed  consists  chiefly  in  distinguishing  the 
seed  of  nairy  (winter)  vetch  and  that  of  spring  vetch,  and  determining 
the  viabihty. 

Winter  vetch  seed  (fig.  32,  a)  consists  of  nearly  spherical,  steel- 
black  seeds  showing  some  variation  in  size.  The  seed  is  distinguished 
from  other  kinds  by  its  characteristic  seed-scar  which  is  oblong- 
oval  with  a  whitish  slit  through  the  center.  A  small  protuberance 
(the  chalaza)  of  the  seed  coat  is  located  nearly  the  length  of  the  scar 
distant  from  the  narrower  end  of  the  scar,  as  shown  in  the  figure. 

Seeds  of  spring  vetch  represent  several  varieties  and  thus  are 
variable  in  size,  form,  and  surface.  The  characteristic  scar  is  wedge 
shaped  with  a  slender,  black  slit  through  its  center,  the  slightly 
raised  margins  of  the  slit  usually  being  light  colored.  The  usually 
distinct  chalaza,  as  a  rule,  is  about  half  the  length  of  the  scar  distant 
from  the  narrower  end  of  the  scar  (fig.  32,  b).  Some  seeds  of  spring 
vetch  are  large,  compressed,  and  somewhat  angular;  others  are  nearly 
spherical  and  smaller.  The  surface  is  black,  brown,  gray,  or  mottled. 
In  one  variety,  a  common  impurit}^  of  winter  vetch  seed,  the  seeds  are 
spherical,  jet-black,  and  about  the  size  of  the  smaller  winter  vetch 


•• 


Fig.  32.  Seeds  of  three  kinds  of  vetch;  a,  Winter  (or  hairy)  vetch;  b,  spring  vetch;  c,  wild  vetch  (  Vicia 
hirsuta).    (Enlarged  and  natural  size.) 

seeds.  Only  careful  examination  under  a  magnifier  discloses  their 
darker  color  and  characteristic  scar  in  which,  however,  the  margins 
of  the  scar  slit  are  black.  In  testing  seed  of  winter  vetch  the  seeds 
of  this  variety  of  spring  vetch  should  be  sought  especially.  Seeds 
of  other  varieties  of  spring  vetch  are  usually  distinguishable  from 
winter  vetch  seeds  by  their  different  form  or  color. 

Various  weed  seeds,  mostly  of  the  class  appearing  in  seed  of  millets 
and  cereal  grains,  are  sometimes  present  in  poorly  cleaned  vetch 
seed.  The  seed  of  a  wild  species  of  vetch  (Vicia  hirsuta  (L.)  Koch, 
fig.  32,  c)  is  a  common  impurity  of  cultivated  vetch  seed. 

Vetch  seed  should  show  nearly  100  per  cent  purity.  The  viability 
of  commercial  seed  is  variable  and  is  strongly  influenced  by  the  hard 
seed,  especially  in  the  case  of  winter  vetch  in  which  the  hard  seed  may 
amount  to  30  per  cent  or  more.  In  spring  vetch  tiie  hard  seed  usually 
varies  between  5  and  15  per  cent.  The  sprouting  of  the  hard  seed  is 
hastened  in  the  test  by  cutting  through  the  seed  coat  with  a  knife 
blade,  thus  admitting  moisture.  The  coat  should  not  be  cut  in  the 
vicinity  of  the  seed  scar  lest  the  embryo  be  injured. 

The  germinable  seed  in  high-grade  lots  of  commercial  winter  vetch 
seed,  together  with  the  variable  quantity  of  hard  seed,  ranges  from 
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95  to  OS  per  voni.     Somo  lots  ^oriniiiato  hotwoen  the  second  and 
sixth  (lays;  otlioiN  diirin*^  tho  socoiul  wtvk  of  the  tost. 

Ill  s|)rinjj  votcli  viability  of  05  to  OS  per  cent  is  h»ss  coninionly 
ivduced  by  tlie  hard  seed.  Sproutinji:  takes  phui'  flMi-flv  Iw.f  u.«i...  tlw. 
third  and  iifth  days. 

TESTING  SEED  CORN. 

The  testinj;  of  seed  corn  so  far  as  it  eorrespoiuls  lo  the  tests  appHed 
to  seed  of  otlier  rroj)s  consists  chiefly  of  the  jjerinination  test,  showing 
how  much  of  the  seed  will  <:crinina(e  and  with  what  vi<^or.  Assnminj^ 
that  the  corn  to  he  used  f(>r  sood  is  in  the  ear  and  has  been  selected 
with  reference  to  variety  and  in  confonnity  w^ith  the  recoj^nized  type 
'»f  ear  and  of  kernel  best  adapted  for  crop  production,  it  renniins  to 
lest  its  viability. 

The  two  types  of  jjenninator  adapted  for  this  w^ork  have  already 
been  referred  to  (p.  14).  After  reniovin*^  suilicient  of  the  butt  and 
tip  kernels  of  the  ear  to  leave  on  the  cob  kernels  of  uniform  size,  6 
kernels  are  removed  for  test.  Of  these,  2  are  taken  from  near  the 
butt,  2  from  the  middle,  and  2  from  near  the  tip.  Each  pair  of 
kernels  should  be  taken  from  ()pj)osite  rows,  these  rows  bein<^  one-third 
of  the  circumference  of  the  ear  apart.  In  this  way  fairly  representa- 
tive kernels  of  the  ear  are  chosen.  The  kernels  are  placed  side  by 
ide,  germ  side  uppermost,  in  the  marked  squares  of  tne  germinator 
which  are  numbered  serially,  the  ears  furnishing  the  kernels  for  the 
s(juares  being  numbered  correspondingly.  This  is  an  individual  ear 
test.  E)very  seed  should  germinate,  thus  showing  viability  of  100 
per  cent.  If  any  of  the  kernels  of  an  car  fail  to  germinate,  that  ear 
should  be  discarded.  If  the  germination  for  any  ear  is  weak,  produc- 
ing inferior  sprouts  or  is  unduly  slow,  the  ear  should  be  rejected. 
The  character  of  the  sprouting  should  be  apparent  in  five  days. 

SUMMARY. 

(1)  It  is  important  that  farm  seeds  be  tested  before  they  are  sown. 

(2)  Seed  testing  in  its  essential  features  giving  practical  results 
(an  be  done  more  easily  than  is  generally  believed. 

(3)  By  means  of  a  seed  test  the  actual  value  of  seed  in  (piestion 
as  compared  with  seed  of  the  best  quaUty  can  be  determined  and 
damage  to  the  crop  or  the  land  due  to  noxious  weed  seeds  can  be 
avoided. 

(4)  Practical  seed  tests  can  be  made  with  simple  equipment  by 
anyone  interested  in  the  purchase  or  use  of  seeds. 

(5)  It  is  readily  possible  for  the  farmer  to  make  practical  tests  of 
-ceds,  thereby  safeguarding  against  partial  or  complete  loss  of  crops. 

(6)  Seed  testing  is  admirably  adapted  for  practical  exercise  work 
ill  elementary  agriculture  in  rural  schools. 

(7)  The  essential  preparation  for  making  seed  tests  consists  of 
providing  the  simple  apparatus  necessary  and  of  becoming  familiar 
with  the  general  purposes  and  methods  of  testing  and  the  features  of 
importance  pecuhar  to  tests  of  particular  kinds  of  seeds. 


taued  February  16, 1911. 

U.  S.  DEPARTMENT  OF  AGRICULTURE. 
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LETTER  OF  TRANSMIHAL. 


U.  S.  Department  of  Agriculture, 

Bureau  of  Chemistry, 
WasUngton,  D.  C,  Octoler26,  1910. 
Sir:  This  report  constitutes  the  second  revision  of  a  bulletin  on 
industrial  alcohol  (No.  268)  first  issued  in  1906  and  slightly  revised 
in  1907.  Its  object  is  to  furnish  concise  and  authoritative  informa- 
tion regarding  the  sources  and  the  general  processes  of  manufacture 
of  denatured  alcohol,  in  response  to  the  many  inquiries  addressed 
to  the  department  on  this  subject.  It  embodies  most  of  the  material 
contained  in  the  earlier  editions,  together  with  the  results  of  later 
work  the  scientific  details  of  which  are  given  in  Bulletin  130  of  the 
Bureau  of  Chemistry,  entitled  '^The  Manufacture  of  Denatured 
Alcohol."  Farmers'  Bulletin  410,  on  '' Potato  Culls  as  a  Source  of 
Industrial  Alcohol,"  contains  more  specific  information  as  to  the 
methods  of  manufacturing  industrial  alcohol  from  this  and  other 
wastes.  I  recommend  the  publication  of  the  manuscript  herewith 
as  a  new  Farmers'  Bulletin  superseding  No.  268. 
Respectfully, 

H.  W.  Wiley, 
(Jkief,  Bureau  of  Chemistry. 
Hon.  James  Wilson, 

Secretary  of  Agriculture, 
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liNDUSTUlAL  ALCOHOL:  SOURCES  AND  MAiNLFACTlRi;. 


ALCOHOL  AND  DENATURED  ALCOHOL  DEFINED. 
ALCOHOL. 

The  term  alcohol,  as  used  herein,  signifies  that  particular  prochict 
which  is  obtained  by  the  fermentation  and  distillation  of  solutions  of 
sugar,  and  which  is  known  to  chemists  as  "ethyl  alcohol."  It  is  a 
colorless  and  mobile  liquid  which  has  a  peculiar  **spirituous"  odor 
and  a  sharp  and  burning  taste.  AVlien  it  is  left  in  a  crude  condition, 
both  its  odor  and  its  flavor  are  rendered  somewhat  disagreeable  by 
impurities  w^hich  originate  in  the  earlier  stages  of  manufacture;  but 
when  it  has  been  purified  thoroughly — in  which  state  it  is  commonly 
known  as  ''neutral"  or  "cologne"  spirit — it  acquires  a  distinctly 
agreeable  smell.  It  mixes  freely  with  water,  in  all  proportions; 
and,  as  is  well  known,  it  is  the  essential  intoxicating  ingredient  of  all 
the  fermented  and  distilled  liquors.  When  "strong,"  or  nearly  free 
of  water,  it  dissolves  gums  and  resins  very  readily,  and  burns  with  an 
intensely  hot,  pale-blue  flame.  Because  of  these  characteristics  it  is 
used  in  large  amounts  in  the  preparation  of  certain  varnishes,  and 
as  a  fuel  in  cases  where  its  cleanliness,  intense  heat,  and  freedom  from 
danger  of  explosion,  offset  its  expensiveness.  Alcohol  boils  at  a  murh 
lower  temperature  than  water,  and  it  is  this  fact  that  makes  it  possi- 
ble to  separate  it,  by  distillation,  from  the  aqueous  solutions  in  which 
it  originally  is  formed.  Bulk  for  bulk,  it  is  considerably  lighter  than 
water,  and  mixtures  of  alcohol  and  water  show  fairly  regular  increases 
in  weight,  per  unit  of  volume,  in  proportion  to  the  percentages  of 
water  which  they  contain.  Because  of  this  relation  the  alcohoHc 
strength  of  any  such  mixture  can  be  determined  by  means  of  an 
appropriately  graduated  alcoholometer.  The  strength  of  alcohol  solu- 
tions may  be  stated  in  percentages  by  volume  or  by  weight,  or  in 
United  States  proof  degrees,  one  such  degree  corresponding  to  one- 
half  of  1  per  cent  of  alcohol  by  volume. 

Chemists  emplo}^  the  formula  CjIIsOIl  Lu  dciii>Lc  ...^  .,*..,,  ....>ii 
of  alcohol.  Tliis  signifies  that  one  molecule,  or  unit,  of  the  compound 
substance  alcohol  is  made  up  of  two  atoms,  or  units,  of  the  element 
carbon  (written  C),  six  atoms  of  the  element  hydrogen  (written  H), 
and  one  atom  of  the  element  oxygen  (written  O).  The  percentage 
composition  of  alcohol  is — carbon  (C)  52.12  per  cent,  hydrogen  (II) 
13.13  per  cent,  and  oxyg^^i  ''O'l  n4  7'  ixt  cent. 
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DENATURED  ALCOHOL. 

On  account  of  the  intoxicating  powers  of  alcohol,  its  manufacture 
is  prohibited  in  many  communities,  and  throughout  nearly  all  of  the 
civilized  world  its  production  is  hedged  about  with  restrictions  in  the 
form  of  excise  laws,  which,  in  addition  to  producing  revenue,  raise 
its  price  to  the  consumer  and  tend  to  diminish  its  consumption  in  the 
form  of  beverages.  However,  this  increase  in  cost,  clue  to  tax 
imposition,  interferes  seriously  with  the  use  of  alcohol  for  fuel  and  for 
many  other  legitimate  industrial  purposes ;  and  therefore  many  govern- 
ments have  enacted  laws  which  authorize  its  manufacture,  sale,  and 
use,  for  industrial  ends,  tax  free,  upon  the  condition  that  it  shall 
first  be  made  unfit  for  beverage  use  by  the  addition  of  materials 
which  will  give  it  a  thoroughly  foreign  and  nauseating  odor  and  taste 
without  making  it  dangerously  poisonous  or  interfering  with  the  par- 
ticular industrial  purpose  for  which  it  is  intended.  Alcohol  which 
thus  has  been  made  unfit  for  drinking,  is  called  ' 'denatured  alcohol.'* 
The  materials  which  are  used  to  make  it  unpotable,  whatever  their 
particular  nature,  are  called  ^'denaturants,"  and  the  process  by  which 
they  are  dissolved  in  or  mingled  with  the  original  potable  alcohol  is 
called  '' denaturing."  Some  of  these  materials  and  the  methods  of 
their  employment  are  discussed  on  page  9. 

THE  DENATURED  ALCOHOL  LAW. 

On  June  7,  1906,  an  act  of  Congress  was  approved  which  provided 
for  the  withdrawal  from  bond,  tax  free,  of  domestic  alcohol  when  ren- 
dered unfit  for  use  as  a  beverage  or  as  an  ingredient  of  medicines  by 
mixture  with  suitable  denaturing  materials.  The  act  reads  in  part 
as  follows: 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United  States  of  America 
in  Congress  assembled,  That  from  and  after  January  first,  nineteen  hundred  and  seven, 
domestic  alcohol  of  such  degree  of  proof  as  may  be  prescribed  by  the  Commissioner 
of  Internal  Revenue,  and  approved  by  the  Secretary  of  the  Treasury,  may  be  with- 
drawn from  bond  without  the  payment  of  internal-revenue  tax,  for  use  in  the  arts  and 
industries,  and  for  fuel,  light,  and  power,  provided  said  alcohol  shall  have  been  mixed 
in  the  presence  and  under  the  direction  of  an  authorized  Government  officer,  after 
withdrawal  from  the  distillery  warehouse,  with  methyl  alcohol  or  other  denaturing 
material  or  materials,  or  admixture  of  the  same,  suitable  to  the  use  for  which  the 
alcohol  is  withdrawn  but  which  destroys  its  character  as  a  beverage  and  renders  it 
unfit  for  liquid  medicinal  purposes;  such  denaturing  to  be  done  upon  the  application 
of  any  registered  distillery  in  denaturing  bonded  warehouses  specially  designated  or 
set  apart  for  denaturing  purposes  only,  and  under  conditions  prescribed  by  the  Com- 
missioner of  Internal  Revenue  with  the  approval  of  the  Secretary  of  the  Treasury. 

The  character  and  quantity  of  the  said  denaturing  material  and  the  conditions 
upon  which  said  alcohol  may  be  withdrawn  free  of  tax  shall  be  prescribed  by  the 
Commissioner  of  Internal  Revenue,  who  shall,  with  the  approval  of  the  Secretary 
of  the  Treasury,  make  all  necessary  regulations  for  carrying  into  effect  the  provisions 
of  this  act. 
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DiBtillore,  manufacturers,  (ipalere,  and  all  other  porsonn  f\imiflhin^,  haiidlinfr,  or 
Ufiiiig  alcohol  withdrawn  from  bond  under  the  provisions  of  this  act  shall  keep  such 
bookf  and  records,  execute  such  bonds  and  render  such  returns  bb  the  ('ommisnioner 

of  Internal  Revennr    -  ■•'    the  appro v:'     '  •'     '^ '  •'      "'-  ~ ' 

rej^lation  require. 

Such  books  and  rocutrda  i^liall  be  open  ul  all  times  lo  ttie  mtpectiun  of  any  mtcrual- 
revenue  officer  or  agent. 

Sec.  2.  That  any  pt^rson  who  withdraws  alcohol  free  of  tax  under  the  provisiona  of 
this  act  and  regulations  made  in  pursuance  thereof,  and  who  removes  or  conceftlfl 
same,  or  is  concerned  in  removing,  depositing,  or  concealing  same  for  the  purpose  of 
preventing  the  same  from  being  denatured  under  governmental  supervision,  and  any 
person  who  uses  alcohol  withdrawn  from  bond  under  the  provisions  of  section  one  of 
this  act  for  manufiicturing  any  beverage  or  liquid  medicinal  preparation,  or  knowingly 
sells  any  beverage  or  liquid  medicinal  preparation  made  in  whole  or  in  part  from  such 
alcohol,  or  knowingly  violate*?  any  of  the  provisions  of  this  act,  or  who  shall  recover 
or  attempt  to  recover  by  redistillation  or  by  any  other  process  or  means,  any  alcohol 
rendered  unfit  for  beverage  or  liquid  medicinal  purposes  under  the  provisions  of  this 
act,  or  who  knowingly  uses,  sells,  conceals,  or  otherwise  disposes  of  alcohol  so  recov- 
ered or  redistilled,  shall  on  conviction  of  each  offense  be  fined  not  more  than  five 
thousand  dollars,  or  be  imprisoned  not  more  than  five  years,  or  both,  and  shall,  in 
addition,  forfeit  to  the  United  States  all  personal  property  used  in  connection  with 
his  business,  together  with  the  buildings  and  lots  or  parcels  of  ground  constituting 
the  premises  on  which  said  unlawful  acts  are  performed  or  permitted  to  be  performed: 
Provided^  That  manufacturers  employing  processes  in  which  alcohol,  used  free  of  tax 
under  the  provisions  of  this  act,  is  expressed  or  evaporated  from  the  articles  manufac- 
tured, shall  be  permitted  to  recover  such  alcohol  and  to  have  such  alcohol  restored  to 
a  condition  suitable  solely  for  reuse  in  manufacturing  processes  under  such  regulations 
as  the  Commissioner  of  Internal  Revenue,  with  the  approval  of  the  Secretary  of  the 
Treasury,  shall  prescribe.    *    «    * 

It  will  be  seen  that  this  law  provided  only  for  denaturing  such 
alcohol  as  had  been  made  in  distilleries  subject  to  the  full  regulations 
of  the  Bureau  of  Internal  Revenue  ^  and  deposited  in  the  ware- 
houses of  such  distilleries.  Contrary  to  general  expectation,  it  did 
nothing  toward  facilitating  manufacture  on  a  small  scale  in  such 
agricultural  distilleries  as  are  operated  very  generally  in  Europe. 
However,  in  the  following  year  an  amendatory  act  was  passed 
(approved  March  2,  1907)  which  was  intended  in  part  to  remedy 
this  defect  in  the  original  law.  The  text  of  this  amendment  is  as 
follows : 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United  Stales  of  America 
in  Congress  assembled,  That  notwithstanding  anything  contained  in  the  act  entitled 
"An  act  for  the  \^-ithdrawal  from  bond  tax  free  of  domestic  alcohol  when  rendered 
unfit  for  beverage  or  liquid -medicinal  uses  by  mixture  with  sui'  ituring 

materials,"  approved  Jime  seventh,  nineteen  hundred  and  six,  dome-  1  when 

suitably  denatured  may  be  withdrawn  from  bond  without  the  payment  of  internal- 
revenue  tax  and  used  in  the  manufacture  of  ether  and  chloroform  and  other  definite 
chemical  substances  where  said  alcohol  is  changed  into  some  other  chemical  substance 
and  does  not  appear  in  the  finished  product  as  alcohol:  Provided,  That  rum  of  not 

>  Regulations  and  Instnictions  concerning  the  tax  on  distilled  spirits.  United  States  Internal  Revenue. 
No.  7,  revised. 

429 


8  INDUSTRIAL  ALCOHOL. 

less  than  one  hundred  and  fifty  degrees  proof  may  be  withdrawn,  for  denaturation 
only,  in  accordance  with  the  provisions  of  said  act  of  June  seventh,  nineteen  hundred 
and  six,  and  in  accordance  with  the  provisions  of  this  act. 

Sec.  2.  That  the  Commissioner  of  Internal  Revenue,  with  the  approval  of  the  Sec- 
retary of  the  Treasury,  may  authorize  the  establishment  of  central  denaturing  bonded 
warehouses,  other  than  those  at  distilleries,  to  which  alcohol  of  the  required  proof 
maybe  transferred  from  distilleries  or  distillery  bonded  warehouses  without  the  pay- 
ment of  internal-revenue  tax,  and  in  which  such  alcohol  may  be  stored  and  denatured. 
The  establishment,  operation,  and  custody  of  such  warehouses  shall  be  under  such 
regulations  and  upon  the  execution  of  such  bonds  as  the  Commissioner  of  Internal 
Revenue,  with  the  approval  of  the  Secretary  of  the  Treasury,  may  prescribe. 

Sec.  3.  That  alcohol  of  the  required  proof  may  be  drawn  off,  for  denaturation  only, 
from  receiving  cisterns  in  the  cistern  room  of  any  distillery  for  transfer  by  pipes 
direct  to  any  denaturing  bonded  warehouse  on  the  distillery  premises  or  to  closed 
metal  storage  tanks  situated  in  the  distillery  bonded  warehouse,  or  from  such  storage 
tanks  to  any  denaturing  bonded  warehouse  on  the  distillery  premises,  and  denatured 
alcohol  may  also  be  transported  from  the  denaturing  bonded  warehouse,  in  such  man- 
ner and  by  means  of  such  packages,  tanks  or  tank  cars,  and  on  the  execution  of  such 
bonds,  and  under  such  regulations  as  the  Commissioner  of  Internal  Revenue,  with 
the  approval  of  the  Secretary  of  the  Treasury,  may  prescribe.  And  further,  alcohol 
to  be  denatured  may  be  withdrawn  without  the  payment  of  internal-revenue  tax 
from  the  distillery  bonded  warehouse  for  shipment  to  central  denaturing  plants  in 
such  packages,  tanks  and  tank  cars,  under  such  regulations,  and  on  the  execution  of 
such  bonds  as  may  be  prescribed  by  the  Commissioner  of  Internal  Revenue,  with 
the  approval  of  the  Secretary  of  the  Treasury. 

Sec.  4.  That  at  distilleries  producing  alcohol  from  any  substance  whatever,  for 
denaturation  only,  and  having  a  daily  spirit-producing  capacity  of  not  exceeding  one 
hundred  proof  gallons,  the  use  of  cisterns  or  tanks  of  such  size  and  construction  as 
may  be  deemed  expedient  may  be  permitted  in  lieu  of  distillery  bonded  warehouses, 
and  the  production,  storage,  the  manner  and  process  of  denaturing  on  the  distillery 
premises  the  alcohol  produced,  and  transportation  of  such  alcohol,  and  the  operation 
of  such  distilleries  shall  be  upon  the  execution  of  such  bonds  and  under  such  regu- 
lations as  the  Commissioner  of  Internal  Revenue,  with  the  approval  of  the  Secretary 
of  the  Treasury,  may  prescribe,  and  such  distilleries  may  by  such  regulations  be  ex- 
empted from  such  provisions  of  the  existing  laws  relating  to  distilleries  as  may  be 
deemed  expedient  by  said  oflBcials. 

Sec.  5.  That  the  provisions  of  this  act  shall  take  effect  on  September  first,  nineteen 
hundred  and  seven. 

This  amendment  in  effect  created  a  class  of  distilleries  in  which 
alcohol  may  be  made  for  denaturation  only,  in  quantities  not  exceed- 
ing 100  proof  gallons  daily.  In  accordance  with  its  provisions, 
revised  regulations  were  issued  by  the  Bureau  of  Internal  Revenue 
on  July  7,  1907,^  which  interpret  the  law  very  liberally,  relieving  such 
small  distilleries  of  many  restrictions  placed  upon  the  operation  of 
larger  establishments  and  making  it  possible  to  produce  denatured 
alcohol  on  a  small  scale,  provided  that  the  economic  conditions  pre- 
vailing in  any  given  locality  are  such  as  to  make  this  production 
profitable.  Further  reference  to  the  substance  of  these  regulations 
is  made  on  page  30. 


1  Regulations  and  instructions  concerning  denatured  alcohol,  etc.    United  States  Internal  Revenue 
Regulations  No.  30,  Revised. 
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DENATURANTS  AND  DENATURING. 

In  order  to  insure  the  use  of  suitable  materials  for  denaturing,  the 
law  authorizes  tlie  Commissioner  of  Internal  Revenue  to  prescribe 
the  character  of  the  denaturing;  materials  and  the  manner  in  which 
they  shall  be  employed;  and  in  accordance  with  this  provision  a  list 
of  denaturants  for  both  general  and  special  purposes  has  been  is  ' 
giving  directions  for  their  use  and  tests  for  determining  their  qi. 
or  fitness  for  such  use.'  Among  the  substances  mentioned  therein 
are  the  following:  Wood  alcohol,  benzin,  pyridin  bases,  camphor, 
castor  oil,  caustic  soda,  nicotin,  ether,  and  acetone. 

Indiscriminate  use  of  these  materials  is  not  allowed.  Most  of  them 
are  to  be  used  only  in  the  manufacture  of  ' 'specially  denatured  alco- 
hol," the  sale  and  use  of  which  are  peimitted  only  under  special 
restrictions.  In  making  ''completely  denatured  alcohol,"  the  variety 
which  may  be  bought  freely  by  the  public  at  druggists'  and  paint 
shops,  only  wood  alcohol,  benzin,  and  pyridin  may  be  used.  On 
account  of  the  relatively  high  price  of  the  pyridin  bases,  and  of  the 
fact  that  the  specifications  for  ''approved  benzin"  admit  the  use  of 
an  inexpensive  petroleum  distillate,  the  following  formula  is  alto- 
u'ether  employed  at  present  in  making  completely  denatured  alcohol 
in  the  United  States: 

To  every  100  parts  by  volume  of  ethyl  alcohol  of  the  desired  proof  (not  less  than 
1  S0°)  there  shall  be  added  10  parts  by  volume  of  approved  methyl  alcohol  and  one-half 
of  1  part  of  approved  benzin. 

It  is  prescribed  in  the  internal-revenue  regulations  that  every  indus- 
trial distilleiy  of  the  class  herein  considered  must  have  a  special  alco- 
hol room  with  cisterns  for  storing  the  product  of  the  distillery.  In 
case  the  distiller  intends  to  denature  this  product  on  the  distillery 
premises,  he  is  obliged  also  to  furnish  this  room  with  the  following 
apparatus:  A  weighing  tank,  which  is  to  be  used  for  gauging  alcohol 
and  for  no  other  purpose;  tanks  for  the  storage  of  approved  denatur- 
ants; sealed  measures,  for  use  with  the  denaturants;  a  mixing  tank, 
and,  if  desired,  tanks  for  the  storage  of  denatured  alcohol.  The  labor 
required  in  denaturing  is  furnished  by  the  distiller  and  his  employees, 
but  Is  carried  on  under  the  supervision  of  a  United  States  ganger 
assigned  for  the  pui7)ose  and  in  his  immediate  presence. 

MATERIALS   WHICH  MAY   SERVE   AS   SOURCES   OF  ALCOHOL. 
GENERAL  CON  SIDE  RATIONS. 

The  first  essential  in  the  character  of  a  material  w^hioh  is  to  serve 
as  a  source  of  alcohol  is  that  it  shall  contain  either  fermentable  sugar 
or  some  component  wliich  can  be  transformed  readily  into  a  fer- 
mentable sugar.     This  is  absolutely  necessary,  as  without  sugar  no 

» United  States  Internal  Revenue,  ReguiatioDS  No.  30,  Rev.,  pp.  2^26  and  U5-1I  . 
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alcohol  can  be  produced.  A  second  essential  is  that  the  proportion 
of  sugar,  or  its  equivalent,  in  the  proposed  raw  material,  shall  be 
sufficient  to  pay  for  handling  the  latter.  This  is  very  important,  for 
there  are  many  saccharine  materials,  such  as  tomatoes  and  unripe 
watermelons,  the  juices  of  which  contain  so  small  a  percentage  of 
sugar  that  all  the  alcohol  obtained  would  be  insufficient  to  pay  for 
the  mere  cost  of  handling.  A  third  requisite  is  that  there  shall  be  an 
abundant,  concentrated,  and  stable  supply  of  the  material.  Abun- 
dance is  an  essential,  because  even  a  small  distillery  will  use  a  large 
amount  of  material  daily.  Thus,  a  plant  having  an  approximate  daily 
capacity  of  100  gallons,  or  two  barrels  of  denatured  alcohol,  will  con- 
sume the  following  amounts  of  raw  material :  200  gallons  of  rich  mo- 
lasses; or  1  ton  of  shelled  corn;  or  4  tons  of  potatoes,  containing  about 
15  per  cent  of  starch;  or  7  to  8  tons  of  sweet  apples,  containing  about 
12  per  cent  of  sugar.  A  concentrated  supply  of  material  is  necessary, 
for  if  it  be  scattered  over  a  wide  area  and  must  be  gathered  by  hand, 
the  cost  for  labor  becomes  prohibitive.  The  supply  must  be  constant, 
for  it  does  not  pay  to  build  a  factory  that  can  be  run  only  at  intervals. 
For  example,  ripe  peaches  would  undoubtedly  be  worth  distilling  in 
localities  where  they  are  grown  abundantly  and  where  there  are  sur- 
plus crops,  if  it  were  not  for  the  fact  that  there  may  not  be  a  surplus 
more  than  two  years  out  of  five,  and  that  the  crop  would  have  to  be 
worked  up  within  the  short  space  of  two  or  three  weeks  to  keep  it 
from  spoiling.  No  distillery  could  earn  the  interest  on  its  investment 
running  two  months  out  of  ^ye  years. 

In  addition  to  the  points  enumerated,  other  considerations  present 
themselves:  Whether  the  material  in  question  will  stand  transporta- 
tion and  storage ;  whether  it  can  be  worked  with  appliances  which  are 
to  be  obtained  readily  in  this  country;  whether  it  can  be  handled  by 
the  machinery  which  is  adapted  to  the  bulk  of  the  available  material 
in  any  given  region,  or  must  have  special  machinery  installed  to  fit 
it  for  fermentation;  whether  it  possibly  may  yield  a  greater  profit  if 
used  for  some  other  purpose  than  distilling,  and  so  on. 

CHEMICAL  COMPOSITION  OF  FERMENTABLE  MATERIALS. 

Knowledge  of  the  chemical  composition  of  a  proposed  raw  material 
is  always  essential  in  determining  its  availability  as  a  source  of 
alcohol.  The  proportion  of  sugar  or  other  fermentable  substance 
which  may  be  present  has  been  mentioned  already  as  being  of  prime 
importance.  In  addition  thereto,  the  percentages  of  water,  ash, 
crude  fiber,  and  nitrogenous  compounds  or  proteids  will  always  be 
of  interest  since  the  proportions  of  these  components  will  determine 
the  manner  in  which  a  material  must  be  worked.  The  fat  percentage 
has  little  interest  for  a  distiller,  save  perhaps  as  it  may  affect  the 
feeding  value  of  the  distillery  refuse;  but  it  will  be  stated  whenever 
possible,  for  the  sake  of  completeness,  in  such  analyses  as  are  given. 
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It  may   be  said   in  this  connection   that  the  five  components  just 
mentioned — water,  ash,  fiber,  proteids,  and   fat — are   always  deter- 
mined  and  reported   as  such,   but,   unfortunately,   the  fermentable 
substances — sugar,  starch,  etc. — are  often   not  determined   individ- 
ually,  but  are  combined  and   reported   as  ''nit  "^'  "-*'»•"'  -v «,..,.< 
the  percentage  of  which  is  obtained  by  subtra< 
other  components  from  100.     The  value  thus  obtained  , Lor   'ex: 
will  of  course  include  not  only  the  sugar  and  starch,  MU.alsw  .... 
unfermentable  pentosans  and  the  sum  of  the  errors  made  ir»  determin' 
ing  the  percentages  of  the  first  five  com})()nents.     For  tliese*  reasons 
the  fermentable  material  actually  present  may  be  lower  than   »<-• 
figures  for  nitrogen-free  extract  or  carbohydrates  would  indicin 
from  5  to  10  per  cent  of  this  extract  may  be  unfermentable.     Wiieii- 
ever  possible  representative   analyses  have   been  used  sliowing  the 
amounts   of  starch,   sugar,    and   unfermentable   pentosans   as   indi- 
vidually determined  and  not  as  found  by  subtraction. 


Saccharine  Materials. 

Agave. — DilYerent  species  of  this  plant  are  used  in  the  Southwest 
in  the  preparation  of  several  varieties  of  distilled  alcoholic  liquors, 
and  at  least  one  distillery  has  been  erected  in  the  hope  of  utilizing 
them  as  a  source  of  industrial  alcohol.  It  is  known  that  the  juice 
of  these  plants  contains  large  amounts  of  sugar  at  times,  and  there 
is  every  reason  to  beUeve  that,  with  proper  technical  direction,  they 
can  be  used  profitably  for  industrial  purposes.' 

Fruits. — The  average  amounts  of  sugar  contained  in  sonH>  nf  ilic 
common  fruits  are  shown  in  the  following  tabulation: 


Kind  of  (niit. 


Apple 

Haaana — 

(irape 

Oranpe 


Average 
percentage 

of  total 
sugars,  cal- 
cuktedas 

dextrose. 


12.2 


Average 
percentage 

of  total 
suears.  cal- 
culated as 

dextrose. 


It  must  not  be  supposed,  however,  that  it  is  practicable  to  obtain 
all  of  the  sugar  m  these  fruits  in  a  form  suitable  for  fermentation. 
It  would  be  necessary,  in  preparing  any  of  them  for  distillation  in  a 
column  still,  to  express  the  juice  from  the  marc,  since  the  latter,  if 
allowed  to  enter  the  still,  would  impede  its  working,  and  obviously 
a  certain  proportion  of  the  juice  and  of  the  sugar  will  remain  in  the 
marc. 

'  .\  sample  of  om  of  these  plants,  sotol  (Dagylinon  tcamum),  was  analyzed  ij  tbe  Bureau  of  Chemistry 
^Dd  found  to  yield  If.  per  cent  of  levulos?. 
429 


12  INDUSTRIAL   ALCOHOL. 

Thus  it  is  estimated  that  it  would  be  impossible,  in  working  with 
apples,  to  obtain  more  than  75  per  cent  of  the  total  fermentable 
material,  or  about  9  per  cent  of  the  weight  of  apples  delivered.  On 
this  basis,'  a  ton  of  average  apples  should  yield  about  14  gallons  of 
alcohoL  'Estimating  the  cost  of  gathering  culls  and  windfalls,  and 
of  delivering  them  at  the  mill,  to  be  $4  per  ton,  a  figure  based  on 
actual  experience,  the  raw-material  expense  for  a  gallon  of  alcohol  will 
be  at  least  28  cents. 

:  In  the  case  of  grapes,  assuming  that  approximately  80  pounds  of 
juice- may  be  expressed  from  100  pounds  of  Concords,  and  that  this 
juioe' 'contains  18  per  cent  of  total  sugars,  a  ton  of  fruit  should  yield 
between  21  and  22  gallons  of  alcohol.  If  the  expense  of  picking 
and  hauling  grapes  to  the  distillery  is  placed  at  $6  or  $7  a  ton — a 
figure  obtained  from  a  grape-growing  district  in  California — the  cost 
of  raw  material  for  a    gallon  of  alcohol  will  be  30  cents. 

In  the  case  of  watermelon,  if  a  90  per  cent  extraction  of  juice 
containing  2.5  per  cent  of  sugars  is  obtained,  a  ton  of  melons  will 
yield  about  3^  gallons  of  alcohol.  If  the  cost  of  gathering  and 
hauling  the  fruit  is  set  at  $2  per  ton,  the  raw-material  cost  will  be 
not  less  than  50  cents  per  gallon  of  alcohol. 

In  these  three  specific  cases,  it  has  been  assumed  that  the  fruit 
itself  was  valueless  on  the  spot  where  grown,  and  that  it  could  be 
delivered  at  the  distillery  for  the  mere  cost  of  gathering  and  hauling. 
Even  on  that  basis,  it  would  be  too  costly  to  use  as  raw  material  in 
making  industrial  alcohol.  The  fact  that  fruit  is  extensively  used 
in  the  manufacture  of  wines  and  brandies,  has  no  bearing  on  the 
present  discussion  for  the  reason  that  the  value  of  potable  liquors 
bears  but  little  relation  to  the  amounts  of  alcohol  which  they  contain, 
but  is  governed  almost  entirely  by  the  qualities  of  their  flavors  and 
aromas. 

Molasses. — Beet  molasses,  a  refuse  from  the  manufacture  of  beet 
sugar,  is  used  on  a  very  large  scale  abroad,  and  in  several  distilleries  in 
this  country,  as  a  raw  material  for  alcohol  production.  Usually,  it 
contains  about  50  per  cent  of  sugar,  and  it  generally  needs  only  to  be 
diluted  and  acidified  to  prepare  it  for  fermentation.  Sometimes  a 
lot  will  not  ferment  readily,  but  generally  it  is  worked  without  any 
difficulty.  A  ton  should  yield  from  75  to  80  gallons  of  alcohol.  At 
$15  per  ton,  the  raw  material  for  a  gallon  of  alcohol  will  cost  19  or 
20  cents. 

Cane  molasses  contains  usually  about  25  per  cent  of  water,  20  per 
cent  of  nonsaccharine  solids,  and  55  per  cent  of  sugars.  The  follow- 
ing figures  show  the  composition  of  two  samples  of  typical  distillery 
molasses  of  different  origins,  one  being  a  Louisiana  blackstrap  and 
the  other  a  Porto  Rican  molasses. 
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Analyses  of  two  typical  kinds  of  inoUuses. 


iVt^milnatlon. 

LouWaii 

Water 

Percent. 
23.5 
20.6 
29.1 
20.8 

2i.  a 

Sucrose 

36.8 

RjHluclngsinnirs 

Nousugars . 

18.3 
21.6 

Total  . 

100.0 

100.0 

Almost  invariably,  cane  molasses  needs  only  to  be  diluted  and 
yeasted  to  enter  into  vigorous  fermentation.  It  is  common,  how- 
ever, for  molasses  distillers  to  add  a  certain  amount  of  acid  to  the 
fermenting::  solutions  to  prevent  bacteria  from  invading  them  and 
setting  up  false  fermentations.  In  some  cases  sulphuric  acid  is  used 
for  this  ])Urpose,  as  in  the  beet  molasses  distilleries,  but  it  is  equally 
common,  and  probably  wiser,  to  use  sour  distillery"  slop  to  produce 
the  desired  acidity.  A  ton  of  molasses,  having  the  composition  of 
the  Louisiana  sample  given  in  the  table,  will  have  a  volume  of  about 
173  gallons  and  yield  approximately  85  gallons  of  alcohol.  At  3 
cents  per  gallon,  for  which  such  molasses  could  be  bought  only  a  few 
yeai-s  ago,  the  cost  of  the  material  for  a  gallon  of  alcohol  would  be 
httle  over  6  cents.  The  increasing  utilization  of  molasses  as  a  feeding 
stuff  has  advanced  its  price  to  from  6  to  10  cents,  but  at  some  planta- 
tions it  is  probably  still  cheap  enough  to  retain  its  old  position  as  a 
most  advantageous  raw  material  for  the  distiller. 

Sorghum. — A  large  number  of  analyses  made  in  the  Bureau  of 
Chemistry  *  indicates  that  the  juice  of  saccharine  sorghum  has  the 
following  average  composition: 

Per  cent 
Water. . .  81.  4 

Sucrose..  12.7 

Reducing  sugars 1.1 

Undetermined  solid  mnttcr-  4.8 

Total...  100.0 

With  a  light  horse-driven  mill,  about  60  per  cent  of  tlie  weight  of 
the  topped  and  cleaned  cane  can  be  obtained  in  the  form  of  juice. 
With  a  hea\y  mill,  such  as  is  used  in  cane-sugar  manufacture,  an 
extraction  of  at  least  75  per  cent  should  be  obtained.  aVn  extraction 
corresponding  to  65  per  cent  of  the  w^eight  of  the  cleaned  stalks  may, 
therefore,  be  considered  a  fair  average.  On  this  basis  a  yield  of 
about  14  gallons  of  180°  alcohol  per  ton  of  cleaned  stalks  would  be 
obtained.  If  the  latter  could  be  delivered  at  the  distillery  at  a  cost 
of  $3  per  ton,  the  material  for  a  gallon  of  alcohol  would  represent  a 
value  of  about  21   cents.     A  relatively  slight  improvement  in  the 

1  U.  S.  Dept.  Agr.,  Division  of  Chemistry  BuL  34,  pp.  23  et  seq. 
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quality  of  the  juice  and  in  the  extraction  would  lower  the  cost  of 
material  per  unit  of  production  very  much.  Thus,  1,000  pounds  of 
the  juice  of  the  Colman  sorghum,  containing  14.42  per-  cent  of 
sucrose  and  1.10  per  cent  of  reducing  sugars,  should  yield  12^  gallons 
of  180°  alcohol.  The  yields  of  alcohol  to  be  expected  from  a  ton  of 
cleaned  Colman  stalks,  and  the  cost  of  material  per  gallon  of  spirit, 
are  shown  in  the  following  tabulation  for  different  degrees  of  juice 
extraction. 

Yields  of  alcohol  from  sorghum  stalks  with  varying  degrees  of  juice  extraction. 


Proportion 

of  juice 

extracted 

from  stalks. 

Yield  of 

180  "alcohol 

per  ton  ol 

cleaned 

stalks. 

Cost  of 

material 

per  gallon. 

Per  cent. 

65 

70 

75 

Gallons. 
15.92 
17.15 
18.35 

Cents. 
18.86 
17.50 
16.35 

Since  the  gums  and  slimy  bodies  contained  in  sorghum  juice  do 
not  interfere  in  the  least  with  its  fermentation,  and  the  plant  can  be 
grown  readily  over  a  very  wide  range  of  territory,  it  is  plain  that  the 
material  deserves  favorable  consideration  in  connection  with  the 
manufacture  of  alcohol,  and  that  it  is  likely  to  be  utilized  in  the 
future  in  this  way. 

Sugar  beets. — The  following  figures  relative  to  the  composition  of 
the  sugar  beet  may  be  considered  as  a  representative  analysis :  ^ 

Per  cent. 

Water 81.51 

Ash 62 

Protein L  72 

Fiber L  35 

Fat 07 

Carbohydrates 14.  73 

Total 100.  00 

The  records  of  several  experimental  fields  cultivated  at  the  agri- 
cultural experiment  stations  in  California,  Colorado,  Michigan,  and 
Wisconsin  show  sugar  percentages  running  from  13  to  16.  Fourteen 
per  cent  will  probably  be  a  fair  commercial  average  for  the  content 
of  fermentable  material  in  sugar  beets  as  grown  at  present. 

In  France,  where  the  beet  has  been  used  extensively  as  a  source  of 
alcohol,  it  has  been  found  necessary  to  extract  the  juice  for  fermen- 
tation, using  one  of  the  extraction  methods  employed  in  the  sugar 
factories.  The  pulp,  while  it  offers  no  obstacle  to  fermentation, 
forms  a  jelly  on  heating  which  interferes  seriously  with  distillation. 
Data  obtained  from  the  results  of  actual  distillery  yields  show  that 

»  Twelfth  Ann.  Kept.  Ind.  Agr.  Exper.  Sta.,  1899,  p.  71. 
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for  every  100  pounds  of  sugar  contained  in  the  beets  entering  liie 
b'ronch  distilleries,  7.1  gallons  of  absolute  alcohol  were  produced, 
t  quivalent  to  8  gallons  at  180°  proof,  which  is  thf  ininimniii  stronf^th 
used  in  this  country  for  denaturing  purposes. 

With  beets  at  $4.75  to  $5  per  ton,  the  price  .oi,niioiii>  ^mi^i  .m 
ugar  factories  in  this  country,  and  a  sugar  content  of  14  per  cent, 
ihe  raw  material  needed  to  produce  a  gallon  of  180°  alcohol  would 
represent  a  value  of  22  cents.  Under  present  conditions  this  probably 
would  be  a  prohibitive  price,  but  the  time  may  come  when  beets 
\\  ill  be  used  as  a  source  of  alcohol  in  the  United  States  as  they  are  in 
Europe. 

Sugar  cane.     Spencer  gives  the  following  figures  as  the  average  of 
about  40  cane-juice  analyses  made  at  the  Magnolia  Plantation,  La.: 

■  r  cent. 

Wat  H3.6 

Sucrose 14.  1 

Reducing  sugars .6 

Undetermined  8olid» ...  1.  7 


Total 100.  0 

Oil  ihe  presumption  that  72  per  cent  of  the  total  weight  of  the 
sugar  cane  can  be  obtained  by  two  pressings,  as  juice  of  this  compo- 
sition, a  ton  of  cane  should  yield  16.7  gallons  of  alcohol.  If  cane  is 
worth  from  $3  to  $3.25  at  the  factory,  this  would  make  the  cost  of 
the  raw  material  for  the  alcohol  about  19  cents  per  gallon. 

Sugar-corn  cannery  wastes. — The  stalks  of  the  sugar  corn  contain 
quite  large  amounts  of  sugar,  analyses  made  in  the  Bureau  of  Chem- 
istry having  disclosed  its  presence  in  proportions  varying  between 
7  and  15  per  cent.  Investigations  conducted  at  a  corn  cannery  in 
Illinois,  in  1906,  showed  that  the  waste  stalks  amounted  to  about  40 
per  cent  of  the  total  weight  of  corn  brought  to  the  factory,  and  that 
it  was  possible  to  produce  from  them  from  6  to  10  per  cent  of  alcohol, 
with  a  safe  average  of  8  per  cent.  On  this  basis  about  1 1  gallons  of 
alcohol  should  be  recovered  for  every  ton  of  com  delivered  to  the 
cannery.  Unfortunately,  the  season  during  which  these  stalks  are 
suitable  for  utilization  in  the  manufacture  of  alcohol  is  very  limited, 
and  probably  it  would  not  pay  to  put  up  a  distillery  to  handle  them, 
unless  other  cheap  materials  were  available  for  use  during  the  rest  of 

the  year. 

Stajrchy  Materials. 

Certain  materials  contain  an  essential  part  of  their  fermentable 
material  in  the  form  of  starch,  even  though  some  of  them,  like 
artichokes  and  sweet  potatoes,  also  contain  notable  amounts  of  sugar. 
They  differ  from  the  saccharine  materials,  in  requiring  to  be  '*  mashed  " 
before  they  can  be  fermented.  This  operation  is  discussed  in  detail 
on  page  25. 
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GRAINS. 

Barley. — The  average  composition  of  ordinary  six-row  barley  is 
approximately  as  follows: 

Per  cent. 

Water 8.7 

Ash 3.0 

Protein 11.  9 

Fiber 5.8 

Fat 2.0 

Starch 58.9 

Pentosans 9.  6 

Total 99.  9 

On  account  of  its  expensiveness,  barley  is  never  used  by  itself  as  a 
source  of  industrial  alcohol.  It  is,  however,  used  in  large  quantities 
in  making  malt,  which  operation  is  described  on  page  24.  The  com- 
position of  a  typical  malt  is  as  follows: 

Per  cent. 

Water 5.9 

Ash 2.7 

Protein 11.  5 

Fiber 6.0 

Fat 2.1 

Starch 48.4 

Sugars 12.2 

Pentosans 10.  6 

Total 99.4 

It  is  customary  to  use  about  8  pounds  of  malt  to  saccharify  100 
pounds  of  raw  grain.  Two  pounds  will  be  sufficient  for  mashing  100 
pounds  of  potatoes. 

Maize  (Indian  corn). — The  following  figures  represent  the  average 
of  a  large  number  of  analyses  taken  mostly  from  the  work  of  the 
Illinois  experiment  station. 

Per  cent. 

Water 10.0 

Ash L5 

Protein 10.  4 

Fiber 1.9 

Fat 5.2 

Pentosans 5. 0 

Sugars 2.0 

Starch 64.0 

Total 100.  0 

A  lot  of  distiller's  corn  (yellow  dent)  used  in  the  experimental  dis- 
tillery of  this  department,  and  analyzed  in  the  Bureau  of  Chemistry, 
was  found  to  contain  72.8  per  cent  of  nitrogen-free  extract,  including 
57.9  per  cent  of  starch  and  2.3  per  cent  of  sugars,  in  addition  to  pen- 
tosans, gums,  etc. 
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The  method  of  working  this  and  other  pniiiiH  is  de8crihe<l  on  pa^(\s 
23  to  27.     One  ton  of  ^rain,  made  up  of  1,850  pounds  of  n  <\ 

150  pounds  of  malt  of  the  <(>nipo.sitions  given  above,  sli..  Id 

100  gallons  of  180®  alcohol.  At  50  cents  a  bushel  for  com  and  65 
cents  a  bushel  for  the  barley  nocessarv  to  make  the  malt,  tlie  t^n  of 
grain  will  cost  about  $10,  and  the  cost  of  raw  prrnin.  prr  irnllon  of 
alcohol,  will  be  19  cents. 

Maize  is,  and  alwaj's  has  been,  ilio  chief  source  ol  nidusiruu  uhohol 
in  this  country.  The  ease  with  which  it  is  raised,  its  ability  to  stand 
transportation  and  storage,  and  its  low  price  in  past  years,  have  com- 
bined to  give  it  a  preeminence  as  a  distillers'  raw  material,  which  it 
undoubtedly  will  retain  for  many  years. 

Oats. — This  grain,  which  contains  about  50  per  cent  of  fermentable 
material  and  which  might  with  care  be  made  to  yield  about  70  gallons 
of  alcohol  per  ton,  is  unsuited  to  distiller^'  use  on  account  of  its 
greater  value  as  a  feeding  stuff,  and  the  glutinous  nature  of  the  mix- 
ture which  is  formed  when  it  is  treated  with  hot  water. 

Rye. — A  lot  of  this  grain  used  in  the  experimental  distillery  had 
the  following  composition : 


Water.. 

Ash 

Protein 

Fiber 

Fat 

Starch.. 
Sugars. . 
Pentosan::*,  gums 


•  'fT  cent. 

2.1 
10.7 

1.9 

1.9 
53.  7 

5.6 
14.7 


etc.. 
Total 100.0 

This  material  is  used  very  largely  in  distilleries  which  produce  com- 
pressed yeast  or  rye  whisky,  and  it  sometimes  is  employed  in  small 
amounts  in  the  yeast  mashes  of  alcohol  distilleries,  but  it  is  not  suit- 
able for  use  as  the  chief  ingredient  of  the  mash  in  an  alcohol  distillery 
on  account  of  its  expensiveness  and  though  containing  about  60  per 
cent  of  fermentable  matters  it  rarely  yields  over  85  gallons  of  alcohol 
to  the  ton. 

Sorghum  seed. — This  grain,  regarding  which  many  inquiries  are 
made,  has  the  following  average  composition,  closely  resembling 
that  of  niftizc: 

"inparison  of  sorghum  seed  and  Kafir  com. 


Determination. 

Sorghum 
seed. 

Kafir 
ooni.    1 

Detorminatiou. 

Sorghum 
eeed. 

Kafir 
com. 

Wat. 

Ash.             

Percent. 
1.8 

Percent. 
12.6 

Pentosans. . 
i^ugars 

w.. .; 

Proteiu 

13.3 

1.5 
3.0 

N'itrogen-free&x tract  .      ... 

70.5 

Fihpr 

Total 

Fixt. .'".'.'....'.'.  ".'. 

100.0 

100.0 
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Undoubtedly  sorghum  seed  could  be  worked  in  the  distillery  as 
corn  is  and  probably  would  require  less  cooking  and  give  fully  as 
good  a  yield,  though  its  use  for  this  purpose  has  never  been  tested 
as  far   as   the   writer  knows. 

Wheat. — What  has  been  said  regarding  the  yield  of  alcohol  to  be 
obtained  from  rye  applies  in  a  general  way  to  wheat  also.  Although 
wheat  contains  nearly  65  per  cent  of  starch  and  sugars,  it  is  too 
expensive  to  be  used  for  alcohol  production  unless  frozen  or  for 
other  reason  unavailable  for  food  purposes. 

Per  cent. 

Water 10.  5 

Ash 1.9 

Protein 11.  5 

Fat 2.0 

Fiber 2.3 

Sugars 2.8 

Pentosans 7.  0 

Starch,  etc 62. 0 

ROOTS. 

Artichoke. — The  tuber  of  the  Jerusalem  artichoke  has  the  following 
average  composition:  ^ 

Per  cent. 

Water 79.  0 

Ash LO 

Protein 1.  3 

Fiber 8 

Fat 2 

Pentosans 1.2 

Nitrogen-free  extract 16.  5 

Total 100.0 

It  is  seen  that  artichokes  contain  from  16  to  18  per  cent  of  ferment- 
able matter  in  the  form  of  levulose  and  inulin^  and  as  the  latter  may 
be  converted  into  the  former  without  the  use  of  malt,  by  merely 
boiling  under  pressure,  it  can  be  worked  very  cheaply.  When  17 
per  cent  of  fermentable  substance  is  present,  a  ton  should  yield 
about  25  gallons  of  alcohol;  and  as  it  can  be  raised  and  delivered 
for  about  $5  per  ton  the  raw  material  for  a  gallon  would  cost  about 
20  cents.  The  tuber  has  remarkably  good  keeping  qualities  and 
deserves  far  more  attention  than  it  has  yet  received  as  a  distillers' 
material. 

1  Behrend,  J.  Landw.,  1904,  53: 127. 
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Cassava. — The  root  of  the  sweet  cassava  has  the  following  average 
composition : 

IVr  OL'Dl. 

Wat.-  C5.0 

Arfi  .  7 

Pnnriii.  .9 

Fiber L7 

Fat .3 

Surch 25.4 

Nitiogen-free  extra'  6. 0 

Total..  'fK).0 

ii  i>  lair  to  a>>uiui-  mjn  about  80  per  ctMn  v^  m*^  .ii>   matter  of 
the  root,  or  about  28  per  cent  of  the  weight  of  the  root  itself,  is 
tormentable.     On  this  assumption  a  ton  of  roots  should   produce 
about  42  gallons  of  alcohol.     At  $5  per  ton,  which  would  be  a  fair 
:>rice  with  modern  methods  of  cultivation,  the  raw  material  would 
ost  about  12  or  13  cents  per  gallon  of  alcohol.     In  so  far  as  is  known, 
ava  has  never  been  used  as  a  source  of  alcohol.     That  technical 
ulties  might  arise  in  handling  it  is  very  possible,  but  the  ana- 
lytical data  and  cost  afford  every  reason  for  testing  the  value  as  a 
source  of  alcohol. 

Potatoes. — Following  is  the  average  composition  of  Maine  potatoes, 
as  determined  a  few  years  ago  in  the  Bureau  of  Chemistry : 

Per  oont. 

Water...  ..     77.0 

Ash .9 

Protein..  2.2 

Fiber. . .  : 

Fat I 

Starch 18.3 

Sugars,  etc.,  by  differen  .  8 

Total 100.0 

Samples  analyzed  more  recently  in  connection  with  the  work 
of  the  experimental  distillery  were  found  to  contain  about  15  per 
cent  of  starch  and  0.4  per  cent  of  sugars.  Liquid  wastes  from 
starch  factories  in  Maine  were  also  examined,  but  did  not  contain 
sufficient  fermentable  material  to  be  of  value  for  alcohol  production. 

The  method  of  working  potatoes  is  indicated  on  page  25  and  is 
discussed  at  length  in  Farmers'  Bulletin  410.  For  ever}^  per  cent 
of  starch  contained  in  potatoes  they  should  yield  about  1.6  gallons 
of  alcohol  per  ton.  If  the  tubers  contain  16  per  cent  of  starch,  a 
ton  should  yield  over  25  gallons  of  alcohol ;  and  if  they  can  be  deliv- 
ered at  the  distillery  for  S5  per  ton,  a  fair  price  for  culls  in  potato- 
growing  regions,  the  raw  material  for  a  gallon  of  alcob'»l  ^ 'M  cost 
about  20  cents. 
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In  Germany  the  potato  is  almost  the  only  material  used  as  a  source 
of  industrial  alcohol,  not  only  because  it  offers  a  cheap  raw  material, 
but  because  it  is  highly  advantageous  from  an  agricultural  point  of 
view.  It  undoubtedly  will  be  similarly  utihzed  in  this  country  in 
the  future. 

Sweet  potatoes. — The  following  average  data  are  based  on  work 
done  at  the  South  Carolina  station  ^  and  may  be  considered  as  repre- 
senting sweet  potatoes  of  good  quality: 

Per  cent. 

Water 66.0 

Ash 1.0 

Protein 1.  5 

Fiber 1.  3 

Fat 5 

Sugars. . . .". 5.  5 

Starch 21.  8 

Undetermined  material 2.4 

Total 100.  0 

These  roots  are  seen  to  contain  about  27  per  cent  of  fermentable 
substances,  of  which  approximately  one-fifth  is  sugars.  In  storage 
there  is  a  decrease  in  the  starch  percentage  and  a  corresponding 
increase  in  that  of  sugar. 

Preliminary  experiments  conducted  at  the  Bureau  of  Chemistry 
indicate  that  the  sweet  potato  can  be  mashed  in  about  the  same 
way  as  the  common  potato.  Undoubtedly  there  will  be  some 
slight  destruction  of  sugar  on  heating  under  pressure,  but  it  ought 
not  be  such  as  to  cause  a  serious  loss.  It  does  not  appear  that  the 
somewhat  fibrous  character  of  the  root  interferes  with  steaming 
it  in  an  apparatus  built  for  potatoes. 

A  ton  of  sweet  potatoes,  containing  about  27  per  cent  of  ferment- 
able substances  and  costing  $8,  should  yield  approximately  38  gallons 
of  alcohol  at  a  cost  of  about  21  cents  a  gallon  for  raw  material. 

MANUFACTURE  OF  ALCOHOL. 
HISTORICAL  NOTE. 

Although  there  are  processes  by  which  atcohol  may  be  made  syn- 
thetically in  the  laboratory,  they  are  too  complicated  and  expensive 
to  have  any  practical  manufacturing  value.  Therefore  the  method 
which  has  been  used  for  many  centuries,  namely,  the  distillation  of 
fermented-sugar  solutions,  is  still  employed  in  alcohol  production. 
This  manufacturing  process  is  very  ancient,  having  been  used  prob- 
ably as  early  as  800  B.  C.  It  seems  for  many  centuries  to  have 
been  employed  only  in  preparing  spirituous  beverages  of  somewhat 

1  South  Carolina  Bui.  136,  1908,  p.  11. 
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hi<]:her  alcoholic  strength  than  could  bo  obtained  by  fermentation 
iiloue.  Tlio  first  stills  were  very  rriidc  and  simple  in  dosipn,  and 
were  incapable  of  produoinj:  distillates  of  j^reat  strength  from  the 
wine  which  invariably  was  used  as  the  material  for  distillation.  It 
was  indee<l  found  by  the  early  chemists  that  if  the  first  weak  •] 
late  were  subjected  to  a  second  and  third  distillation  its  alc<> 
strength  could  be  raised  (though  at  the  expense  of  a  material  diminu- 
tion in  its  volume)  to  such  an  extent  that  it  would  bum,  but  the 
expensiveness  of  the  product  thus  obtained  was  too  £rro:it  t<»  allow 
its  use  for  any  industrial  purpose  s. 

At  present  wine  and  other  fermented  truil  juices  uio  (listilleU  only 
for  the  production  of  potable  spirits;  and  industrial  alcohol  is  made 
altogether  by  the  distillation  of  fermented  saccharine  solutions  which 
are  prepared  either  directly  from  raw  materials  containing  sugar, 
such  as  molasses,  or  from  starchy  materials  like  potatoes  or  the 
cereal  grains,  after  a  preliminary  treatment  which  converts  their 
starch  into  sugar. 

THEORY  OF  ALCOHOLIC  FERMENTATION. 

The  process  of  alcoholic  fermentation  is  established  whenever  yeast 
IS  allowed  to  act  on  sugar  solutions  of  moderate  strength  at  tempera- 
tures  between  50°  and  90°  F.  Theoretically  the  process  consists  of 
I  simple  splitting  up  of  sugar  into  alcohol  and  carbonic  acid  gas, 
my  given  amount  of  sugar  yielding  proportionate  and  perfectly  defi- 
lite  amounts  of  these  two  products  of  its  decomposition.  This  is 
illustrated  in  the  following  example: 

The  chemical  composition  of  dextrose,  wliit  u  j-.  i..*  i^nni  ^n  ^.i-ar 
•ccurring  in  most  ripe  fruits,  is  represented  by  the  formula  CJIijO^, 
which  signifies  that  one  molecule  or  unit  of  the  compound  substance 
dextrose  is  made  up  of  six  atoms  or  units  of  the  element  carbon, 
twelve  of  the  element  hydrogen,  and  six  of  the  element  oxygen. 
Wlien  fermentation  takes  place,  the  molecule  of  dextrose  breaks  up 
,]>.t.>,.t;..ii^-  ....  ;..  'Mclicated  by  the  following  equation: 

CeH^O„  =  2C,H,OH  +  2CO,. 

riiis  signifies  that  after  fermentation  is  over  the  dextrose  will  have 
disappeared  and  in  its  place  will  be  found  an  amount  of  alcohol  con- 
taining all  the  hydrogen,  two-thirds  of  the  carbon,  and  one-third  of 
on  of  the  sugar,  and  an  amount  of  carbon  dioxid  c^ 
d  of  its  carbon  and  two-thirds  of  its  oxygen.     Thc<> 
he  total  weights  of  the  alcohol  and  carbon  dioxid  which  are  pro- 
duced in  the  fermentation  should  equal  exactl}^  the  weight  of  d«>\- 
trose  which    is   decomposed,  and    100   pounds  of  the  .sugar  slmuld 
yield  51.11  pounds  of  alcohol  and  48.89  pounds  of  carbon  dioxid. 
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In  practice,  however,  the  decomposition  is  never  complete,  nor  is 
it  ever  so  simple  as  is  indicated  by  the  foregoing  equation.  Only  in 
carefully  conducted  laboratory  work  is  it  ever  possible  to  ferment 
any  sugar  completely;  and  even  then,  as  a  result  of  life  processes  of 
the  yeast  which  are  not  yet  understood  by  chemists  or  biologists, 
small  and  varying  proportions  of  the  sugar  escape  transformation 
into  alcohol,  and  are  converted  instead  into  other  substances. 
According  to  the  investigations  of  Pasteur,  100  pounds  of  dextrose, 
instead  of  yielding  the  theoretical  weights  of  alcohol  and  carbonic 
acid  indicated  by  the  equation,  will  produce  in  laboratory  practice 
the  following  amounts  of  fermentation  products: 

Pounds. 

Alcohol... 48.  55 

Carbon  dioxid 46.  74 

Glycerin 3.  23 

Organic  acids 62 

Miscellaneous 1.  23 

Total 100.  37 

The  fact  that  the  total  weight  of  the  fermentation  products  exceeds 
slightly  the  weight  of  sugar  fermented  is  explained  on  the  ground  that 
the  formation  of  certain  of  the  by-products  is  accompanied  by  the 
absorption  and  fixation  of  slight  amounts  of  water. 

In  manufacturing  work,  such  completeness  of  fermentation  may 
be  taken  as  an  ideal  toward  which  one  is  to  strive.  According  to 
the  skill  of  the  distiller,  the  character  of  his  mechanical  equipment, 
and  the  quality  of  his  water,  yeast,  and  fermentable  materials,  his 
yields  of  alcohol  may  approximate  those  indicated  or  may,  on  the 
other  hand,  fall  far  below  it. 

NATURE  OF  YEAST. 

Yeast,  the  exciting  agent  of  the  alcoholic  fermentation,  is  familiar 
to  the  general  public  chiefly  in  the  form  of  the  small  square  cakes 
which  are  sold  at  groceries,  and  to  workers  in  breweries  and  dis- 
tilleries as  a  more  or  less  frothy  paste.  Whatever  its  outward  form 
and  appearance  may  be,  it  always  is  made  up  of  innumerable  micro- 
scopic plants  which  are  globular  or  ovoid  in  form,  approximately 
1/4000  inch  in  diameter,  and  fairly  colorless  and  transparent  as  seen 
under  the  microscope. 

Yeast  withstands  prolonged  exposure  to  cold  without  serious  injury, 
but  is  weakened  rapidly  when  kept  at  high  temperatures,  and  is 
killed  quickly  when  heated  to  about  110°  F.  It  ordinarily  repro- 
duces itself  by  a  process  of  budding,  and  grows  at  the  expense  of 
various  nutrient  materials,  such  as  lime,  potash,  phosphoric  acid 
and  nitrogenous  compounds,  which  it  absorbs  from  the  solutions  in 
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will  i    ii   is  placod.     The  vigor  of  a  fermentation  seems  to  depend 
'         ly  upon    '        '  n  of  ycAsi  jjrowth.     Good  T 

not  bo  ('-  '>ut  abuiulant   niid  sTntnl)lr  i 

lie  yeast  and  its  vigorous  development. 
TV        l(»ction  of  a  suitable  yeast  for  any  purpose  and  ns  prcpara- 
1    maintonanco   in   a   pure   and   vigorous  condition   arc   arts 
w  liich  demand  thorough  training  and  experience.     They  can  not  be 
learned  from  books  alone  and  call  for  no  small  amount  of  manipula- 
tive skill. 

PREPARATION  OF  SACCHARINE  SOLUTIONS  FOR  FERMENTATION. 

Certain  saccharine  materials,  such  as  the  juices  of  most  fruits  and 
of  the  sugar  cane,  are  in  their  natural  condition  so  susceptible  to 
fermentation  that  they  can  not  be  preserved  unaltered  unless  they 
are  sterilized  in  sealed  bottles  or  some  antiseptic  or  preservative 
material,  such  as  salicyhc  acid,  is  added.  Other  sugar-containing 
materials,  such  as  molasses,  do  not  ferment  readily  until  they  have 
been  subjected  to  certain  preliminary  treatments.  Thus,  both  cane- 
molasses  and  beet-molasses  must  be  diluted  with  water  before  they  can 
bo  fermented;  and  since  they  often  are  deficient  in  the  nitrogen  com- 
pounds wliich  are  essential  to  yeast  production  it  sometimes  is  found 
lecessar}^  to  add  nitrogen  to  their  solutions  in  the  form  of  ammonium 
sulphate  or  some  equivalent  material.  Furthermore  beet-molasses  is 
usually  alkahne,  and  as  yeast  will  not  work  in  alkaline  solutions  it  is 
necessary  to  acidify  beet-molasses  before  adding  yeast  to  it.  Diluted 
sulphuric  acid  is  commonly  used  for  this  purpose.  The  amount  of 
water  or  of  chemicals  which  must  be  added  to  a  given  quantity  of 
molasses  to  fit  it  for  fermentation  will  depend  upon  the  composition 
of  the  latter.  Experience  has  shown  that  with  ordinary  cane-molasses 
it  is  desirable  to  use  about  six  volumes  of  water  for  one  of  molasses. 
In  this  way  a  solution  is  obtained  which  contains  about  12  per  cent  of 
sugar  and  is  capable  of  producing  approximately  6  per  cent  of  alcohol. 
This  proportion  of  sugar  has  been  found,  in  general,  to  give  the  best 
results  \vith  regard  to  the  rate,  completeness,  and  economy  of 
fermentation. 

PREPARATION    OF    FERMENTABLE    SOLUTIONS    FROM    STARCHY 

RAW  MATERIALS. 

While  the  saccharine  raw  materiab  of  the  fermentation  industries 
can  be  prepared  for  use  by  the  relatively  simple  processes  of  solution 
or  juice  expression,  such  materials  as  potatoes  and  grain,  which  con- 
tain little  sugar  and  much  starch,  must  be  subjected  to  special  treat- 
ment in  order  to  convert  the  insoluble  and  unfermentable  starch  into 
sugar.  The  series  of  operations  by  which  this  starch  conversion  is 
accomplished  is  called   "masliing,"   and  consists  of  a  preliminary 
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scalding  or  cooking  process,  the  purpose  of  which  is  to  liquefy  the 
starch,  and  of  the  saccharification  proper,  in  which  the  soluble  starch 
is  converted  into  dextrin  and  sugar.  The  agency  by  which  the  latter 
conversion  is  accomplished  is  the  specific  action  (in  the  presence  of 
moisture,  and  at  a  suitable  temperature)  of  certain  substances  called 
enzyms,  which  usually  are  developed  for  this  particular  purpose  in  a 
portion  of  the  grain  used  for  mashing,  by  a  process  called  malting. 

Malting. — When  the  seeds  of  any  cereal  are  moistened  and  allowed 
to  sprout,  changes  in  their  chemical  composition  take  place  which  are 
fully  as  striking  as  the  accompanying  changes  in  the  appearance  of 
the  grains.  Most  important  of  these  is  the  formation  of  bodies  which 
have  the  power,  when  dissolved  in  water  and  allowed  to  act  at  a  suit- 
able degree  of  warmth,  of  corroding  the  insoluble  starch  granules  of 
the  grain,  of  rendering  them  soluble,  and  of  converting  the  starch 
ultimately  into  a  fermentable  sugar  called  maltose.  Grain  which 
has  been  treated  so  as  to  develop  these  bodies  is  called  malt. 
•  These  enzyms,  or  active  bodies  of  the  malt,  are  usually  grouped 
under  the  name  diastase,  and  they  appear  during  the  sprouting  of 
all  starchy  seeds.  Their  formation  has  been  utilized  technically  in 
the  case  of  several  of  the  cereals,  such  as  wheat,  rye,  oats,  maize,  and 
barley.  Rye  and  barley  produce  diastase  more  abundantly  than  the 
other  grains,  and  are  employed  in  large  quantities  in  the  malting 
industry.  Of  the  two,  barley  is  most  used  on  account  of  the  protec- 
tion which  is  afforded  by  its  husk  to  the  tender  kernel  of  the  grain 
during  the  rough  handling  incidental  to  the  malting  process. 

In  making  malt  the  barley  is  cleaned  thoroughly  by  screening  and 
washing,  and  is  then  steeped  in  water  until  the  grains  have  absorbed 
enough  water  to  soften  them  thoroughly  and  prepare  them  for  germi- 
nation. The  excess  of  water  is  then  drained  off,  and  the  wet  grain 
is  spread  evenly  on  a  smooth  and  scrupulously  clean  floor  in  a  well- 
ventilated  room  which  can  be  kept  at  a  temperature  of  about  55°  to 
60°  F.  The  grain  is  turned  frequently,  with  wooden  shovels,  to  keep 
it  uniformly  moist  and  to  prevent  its  overheating,  and  as  sprouting 
progresses  it  is  gradually  spread  over  a  greater  floor  area  so  that  a 
pile  which  originally  was  from  12  to  18  inches  deep  may  finally  have 
a  depth  of  only  3  or  4  inches. 

Malt  which  is  intended  for  shipment  is  usually  grown  for  about  a 
week  at  a  temperature  not  exceeding  68°  F.,  after  which  it  is  dried 
slowly  in  kilns  that  are  gradually  raised  from  95°  to  125°,  until  only 
2  or  3  per  cent  of  moisture  remains.  Malt  which  is  made  in  the  dis- 
tillery where  it  is  to  be  used  may  be  grown  at  about  55°  for  three  or 
four  weeks,  and  should  then  be  used  without  having  been  dried. 
Green  malt,  thus  prepared,  has  a  much  higher  diastatic  power  ^  than 
the  dried  malt  of  commerce. 


1  The  power  of  converting  starch  into  sugar. 
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...ill  that   the  i *.,,....., 


ould  bo  impossible,  however,  to  make  any  quantity  of  a  90  per  rent 
distillate  with  such  an  apparatus  except  by  incurriuf:^  an  expense  for 
fuel  and  labor  which  would  far  exceed  the  hiprhest  possible  induRtrial 
value  of  the  product. 

Fortunately  it  is  possible  su .....;,., 

limber  of  redistillations  take  place  simultaneously  in  a  single  appa- 

itus  with  little  more  outlay  for  fuel  and  labor  than  would  ])o  required 

lo  subject  the  same  volume  of  beer  to  a  single  distillation  in  the  pot 

still  shown  in  figure  3.    Such  a  complex  apparatus,  known  as  a  column 

still,  costs  much  more  to  build  than  does  a  simple  still  of  the  same 

|^00»*  <'"»>.wM'fA-     Uiif    I'fo     olniost   autoin»lfi''   nr-flfin    nnd    fllC    Saviuj'   \v1ii/l^ 


Fig.  3.— Fire-pot  still. 

m.  Kettle  of  still;  b,  head  of  still;  c,  draw-off  cock;  d,  grate;  e,  masonry  support;  /,  flue;  g,  oondensini; 

worm;  h,  worm  tub. 

it  affords  with  regard  to  labor,  fuel,  and  water  make  it  a  necessary 
investment  for  any  distillery  which  is  designed  to  produce  industrial 
alcohol. 

Detailed  instructions  for  the  operation  of  a  column  still  and  an 
illustration  showing  its  various  parts  are  given  in  Farmers'  Bulletin 
410,  page  17,  and  will  not  be  here  repeated.  Although  the  details 
may  seem  somewhat  complicated,  the  actual  management  of  a  con- 
tinuous still  is  in  fact  quite  simple.  When  its  operation  is  once  well 
under  way  a  condition  of  equilibrium  is  established  in  the  working 
of  its  various  parts,  and  as  long  as  the  supplies  of  water,  steam,  and 
beer  are  kept  uniform  it  is  possible  to  maintain  a  steady  flow  of  dis- 
tillate of  practically  constant  proof  for  hours  at  a  time,  with  com- 
paratively little  attention  from  the  distiller. 
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GOVERNMENTAL  CONTROL  OF  A  SMALL  DENATURED-ALCOHOL 

DISTILLERY. 

Certain  important  features  of  the  regulations  of  the  Bureau  of 
Internal  Revenue  are  of  special  interest  to  those  to  whom  the  subject 
is  new. 

First  of  all,  the  mere  possession  of  any  still  or  distilling  apparatus 
set  up,  even  though  the  same  is  not  employed  in  distilling  alcohol, 
subjects  its  possessor  or  custodian  to  heavy  penalties  unless  he  has 
registered  it  in  writing  with  the  collector  of  internal  revenue  for  the 
district  in  which  it  is  located.  The  distillation  of  alcohol  is  forbidden 
by  law,  except  when  conducted  in  accordance  with  the  regulations 
issued  by  the  Bureau  of  Internal  Revenue  and  under  the  supervision 
of  a  designated  officer,  no  matter  how  much  the  alcohol  may  be  mixed 
or  diluted  with  other  substances.  These  facts  are  emphasized  because 
they  directly  contradict  the  statements  sometimes  made  that  appa- 
ratus and  processes  can  be  furnished  by  which  denatured  alcohol  can 
be  made  without  Government  supervision. 

Other  points  worthy  of  mention  in  this  connection  are  as  follows: 

Distilleries  are  to  be  constructed  and  their  machinery  is  to  be 
arranged  in  compliance  with  the  regulations.     (Sees.  14-24,  pp.  45-50.0 

The  distiller  must  own  or  control  the  land  on  which  the  distillery 
is  erected.  In  case  that  he  does  not  own  it  or  that  it  is  mortgaged  he 
must  file  the  written  consent  of  the  owner  or  mortgagor  to  its  use  for 
distillery  purposes.     (Sec.  4,  p.  41.) 

The  distiller  must  give  written  notice  of  his  intention  to  engage  or 
continue  in  the  distilling  business,  stating  what  kinds  of  material  he 
intends  to  use.     (Sees.  5  and  13,  pp.  41-42  and  45.) 

The  distillery,  when  ready  for  operation,  must  be  "surveyed"  by 
a  designated  Government  official.  (Sees.  25  and  6-12,  pp.  50  and 
42-45.) 

Before  beginning  operations,  the  distiller  must  file  a  bond,  signed 
by  himself  and  two  sufficient  sureties,  for  an  amount  not  less  than 
the  tax  on  all  the  spirit  that  the  distillery  could  produce  in  a  month. 
(Sees.  26-27,  pp.  50-52.) 

The  survey  having  been  made  and  the  bond  filed,  the  distiller  must 
give  notice  of  the  day  on  which  he  will  begin  operations.  (Sec.  29, 
p.  52.) 

Records  must  be  kept  by  the  distiller,  for  inspection  by  the  revenue 
officers,  of  the  amounts  and  kinds  of  material  received  and  used  and 
of  the  amount  of  alcohol  produced.     (Sees.  34-37,  pp.  54-57.) 

No  kind  of  spirit  save  alcohol  for  denaturing  purposes  can  be  pro- 
duced at  an  industrial  distillery.     (Sec.  38,  p.  57.) 

» U.  S.  Internal  Revenue  Reg.  No.  30,  rev. 
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Wlien  a  revenue  officer  is  a89i<2^ned  to  a  distillery,  it  must  be  oper- 
atod  ropfularly  on  ovorv  day  oxropt  Sundays.     (Sec.  39,  p.  57). 
Mot  hods  are  prevscrihod  by  which  donaturants  may  be  obtained 
I  used.     (Seo8.  41-44  and  49,  pp.  58,  59,  and  61.) 

FACTORS    INFLUENCING     THE     COST     OF     MANUFACTURING 

ALCOHOL. 

^Vllile  cheap  and  abundant  raw  material  is  indeed  essential  to  the 
profitable  production  of  denatured  alcohol,  there  are  other  factors, 
no  less  important,  which  enter  into  the  cost  of  manufacture.     Some 

ihese  ai'e  as  follows: 

Interest  and  depreciation. — A  small  distillery  can  hardly  l>e  built 
and  c(iuipped  fv)r  less  than  $12,000.  Interest  on  the  investment  may 
therefore  be  set  at  about  $700  a  year;  and  a  like  amount  ought  to  be 
allowed  for  keeping  the  plant  in  good  working  order.  The  capacity 
of  such  a  plant  can  be  doubled  without  any  very  great  increase  in 
cost;  antl  if  the  capacity  be  halved,  the  reduction  in  cost  will  be  rela- 
tively small. 

Labor. — At  least  three  and  probably  four  men  will  be  needed  to  run 
any  distillery,  however  limited  its  capacity.  Increase  of  the  pro- 
duction up  to  400  or  500  proof  gallons  daily  would  probably  not  call 
for  additional  labor.  Five  men  undoubtedly  could  handle  a  plant 
producing  1,000  gallons  daily. 

Water. — A  large  amount  of  pure  cold  water  is  needed  for  the 
operation  of  a  distillery.  This  fact  is  generally  unknown,  save  to 
those  who  are  engaged  in  the  distilling  business.  A  plant  capable  of 
producing  100  proof  gallons,  or  55  gallons  of  180°  alcohol,  in  a 
working  day  of  ten  hours,  will  need  a  supply  of  water  amounting  to 
not  less  than  3,000  gallons  in  that  length  of  time,  or  five  gallons  per 
minute,  and  may  demand  considerably  more. 

Fuel. — Little  definite  information  is  available  regarding  the  amount 
of  fuel  necessary  for  the  operation  of  a  small  alcohol  distillery.  This 
dearth  of  accurate  knowledge  is  regrettable,  for  the  coal  bill  is  a 
prominent  item  in  the  distillery's  expense  account.  Such  data  as  are 
at  hand  indicate  that  the  coal  consumption — p>er  gallon  of  180° 
alcohol  produced — may  vary  from  1 1  pounds  under  the  most  favor- 
able conditions  to  38  pounds  in  a  poorly  equipped  and  poorly  managed 
plant.  As  11  pounds  of  coal  as  a  distillery  fuel  yield  almost  159,000 
heat  units  and  a  gallon  of  alcohol  gives  about  75,000,  it  is  apparent 
that  the  use  of  alcohol  so  produced  for  heating  would  involve  a  great 
waste  and  be  altogether  unprofitable.  Furthermore,  the  coal  con- 
sumption of  a  small  distillery  wall  be  proportionally  greater  than  that 
of  a  large  one,  since  many  economies  which  are  possible  in  a  large 
plant  are  quite  impracticable  in  a  small  one. 
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CONCLUSIONS. 

It  is  apparent  that  the  business  of  distilUng  alcohol  is  one  which 
calls  for  a  considerable  investment  and  no  small  degree  of  teclinical 
skill.  It  can  not  be  conducted  advantageously,  from  a  commercial 
point  of  view,  in  very  small  plants  on  account  of  the  proportionately 
high  cost  of  the  plant  and  of  labor;  and  many  of  the  so-called  '^  wastes " 
which  have  been  suggested  as  fermentable  raw  materials  are  so  poor 
in  fermentable  substance  or  so  expensive  to  handle  that  their  avail- 
abiUty  is  thereby  impaired.  It  seems  that  the  business,  to  be  pro- 
ductive of  satisfactory  returns,  must  be  conducted  on  a  fairly  large 
scale,  and  that  the  best  success  is  likely  to  be  attained  with  raw 
materials  of  the  general  types  already  in  use,  namely,  maize,  potatoes, 
and  molasses.  The  industry  is  not  suited  to  every  locality,  and  it  is 
most  Ukely  to  be  successful  if  carried  on  systematically  on  a  very  large 
farm,  or  if  supported  by  the  joint  interests  of  a  fairly  large  commu- 
nity. The  alluring  statements  sometimes  made  regarding  large 
financial  returns  to  be  obtained  by  making  industrial  alcohol  with 
waste  raw  material,  unskilled  labor,  and  a  "cheap"  distilling  outfit 
are  misleading  and  can  only  result  in  loss  if  followed. 


[A  list  giving  the  titles  of  all  Farmers'  Bulletins  available  for  dis- 
tribution will  be  sent  free  upon  application  to  a  Member  of  Congress 
or  the  Secretary  of  Agriculture.] 
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EXPERIMENT  STATION  WORK/ 


UNUSUAL  VERSUS  STANDARD  FERTILIZERS.'' 

John  S.  Bur(l,of  the  CaUfornia  Experiment  Station,  calls  attention 

)  attempts  that  are  made  from  time  to  time  by  means  of  articles 

II   newspa])ers    and    periodicals   and    by   advertising^   literature   to 

xploit   various    naturally   occurring   rocks    and    mineral    deposits 

as  fertilizers,  and  states  that  such  of  these  propositions  as  he  has 

been  able  to  investigate  are  totally  without  merit. 

It  should  be  borne  in  mind  that  few  materials  have  any  fertilizing 
^  alue  until  refined  or  otherwise  treated  with  a  view  especially  to 
niakmg  their  constituents  readily  available  to  plants.  ''The  idea 
has  frequently  been  advanced  that  certain  common  rocks,  notably 
those  containing  potash  feldspar,  should  be  of  value  as  fertilizer 
because  of  their  content  of  potash."  Although  many  of  these 
iiaterials  are  relatively  rich  in  potash  it  is  combined  in  such  insoluble 
forms  that  ''it  is  difficult  to  see  how  applications  of  such  materials 
would  result  in  any  immediate  or  important  crop  increase. " 

The  well  known  fact  that  lava  rocks  have  frequently  broken  up  into  fertile  soils 
within  a  very  limited  period  is  used  as  an  argument  to  prove  that  lavafl  should  make  a 
L'ood  fertilizer.     This,  however,  does  not  follow.     A  mineral  fertilizer  to  be  worth  the 

st  of  application  should  contain  relatively  large  amounts  of  one  or  more  of  the  sfwalled 

l)lant  foods"  in  a  comparatively  easily  soluble  condition.  To  furnish  an  amount 
:  actual  potash  equivalent  to  that  in  an  ordinary  application  of  sulphate  of  potash 

)uld  require  a  relatively  enormous  quantity  of  ground  lava  of  average  composition. 

I  addition  the  condition  in  which  potash,  the  essential  constituent,  is  combined 
with  the  other  rock  constituents  is  such  as  to  justify  little  hope  of  its  being  utilized 
by  planta  within  a  reasonable  period  of  time.  Potash  insoluble  in  water,  a«  it  (X'curs 
in  such  materials,  has  no  standing  among  reputable  agriculturists. 

In  brief,  if  these  unusual  materials  have  any  agricultural  value  at 
all  it  is  likely  to  be  only  under  exceptional  conditions,  and  therefore 
the  average  farmer  will  find  it  safest  to  depend  upon  the  standard, 
well-known  sources  of  supply  for  his  fertilizing  materials.  These 
are  subject  to  state  inspection,  which  affords  a  guaranty  of  composi- 
ion  and  protection  to  the  purchaser. 


«  A  progress  record  of  experimental  inquiries,  published  without  assumption  of 
responsibility  by  the  Department  for  the  correctnees  of  the  facts  and  conclusionB 
reported  by  the  stations. 

b  Compiled  from  California  Sta.  Circ.  56. 
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SYMPTOMS  OF  DISEASE  IN  PLANTS.^ 

It  is  highly  important  that  farmers  and  horticulturists  should  be 
able  to  recognize  plant  diseases.  Many  fail  to  do  this  because  they 
do  not  know  the  general  symptoms  that  indicate  the  attacks  of  insect 
or  fungus  enemies. 

Plant  diseases  may  be  divided  into  three  groups:  (1)  Nutrition  dis- 
turbances due  to  unfavorable  conditions  in  the  environment  of  the 
})lant  or  inherent  in  the  plant  itself;  (2)  troubles  due  to  parasitic 
plants,  usually  either  bacteria  or  fungi,  but  sometimes  to  flowering 
plants,  which  deform,  stunt,  or  kill  the  plant;  and  (3)  insect  pests, 
which  are  in  many  cases  very  evident  but  often  not  easily  detected. 

The  first  step  of  importance  to  the  farmer  is  to  be  able  to  determine 
the  presence  of  disease  and  to  endeavor  to  find  out  its  cause,  nature, 
and  probable  outcome,  and  the  treatment  which  should  be  employed. 
The  principal  symptoms  of  disease  in  plants  are  the  following: 
(1)  Discoloration,  or  change  of  color  from  (a)  normal  green  to  a  yellow 
or  white  pallor;  (b)  colored  spots  or  areas,  as  white  or  gray  on  leaves 
or  stems,  such  as  mildews  or  white  rusts,  many  leaf  spots  of  yellow, 
red,  orange,  brown,  black,  or  variegated  colors,  red  or  orange  rusts, 
black  rusts,  tar  spots,  and  the  Hke;  (2)  shot-hole  perforation  of 
leaves;  (3)  wilting,  such  as  damping  off  or  wilt;  (4)  necrosis,  such 
as  death  of  parts  of  plants,  leaves,  twigs,  stems,  or  flowers;  (5) 
reduction  in  size,  such  as  dwarfing  or  atrophy;  (6)  increase  in  size, 
such  as  hypertrophy;  (7)  replacement  of  organs  by  new  structures; 
(8)  mummification;  (9)  change  of  position;  (10)  destruction  of 
organs;  (11)  excrescences  and  malformations,  such  as  pustules, 
tumors,  corky  outgrowths  or  crown  galls,  cankers  from  malforma- 
tions in  the  bark  generally  resulting  in  an  open  wound,  punks,  or 
conches  and  other  fruits  of  fleshy  fungi,  witches'  brooms,  rosettes, 
and  hairy  root;  (12)  exudations,  such  as  slime  flux,  gummosis  (espe- 
cially for  stone  fiiiits),  and  resinosis  (especially  for  coniferous 
trees) ;  and  (13)  rotting,  such  as  dry  and  soft  rots,  root  rots  of  alfalfa, 
cotton,  beets,  or  cherries  (generally  of  fleshy  or  woody  roots),  stem 
or  ti-unk  rot,  such  as  dry  rot  of  trees  and  of  modified  stems  like 
rhizomes,  bulbs,  or  tubers,  and  bud  and  fruit  rot  of  various  fleshy 
fruits. 

Soils  decidedly  alkahne,  lacking  in  proper  drainage,  or  deficient  in 
iron  may  produce  a  yellowing  of  the  foliage,  while  discoloration  of 
restricted  areas  on  the  leaves  is  usually  due  to  the  attacks  of  some 
insect  or  plant  parasite,  presumably  the  latter. 

In  general,  any  marked  variation  in  color  or  shape  from  the  normal 
type  is  a  sure  indication  of  disease  which  in  many  cases  may  be 
controUed  and  the  crop  saved  if  taken  in  hand  promptly. 


a  Compiled  from  Vermont  Sta.  Buls.  142  and  147;  Bui.  Univ.  Texas,  Sci.  Ser.  No.  14. 
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EXPERIMENT  STATION   WORK,   LXI.  7 

THE  PREMATITRE  DROPPING  OF  FIGS  IN  THE  SOITTH.^ 

In  a  recent  bulletin  on  i\g  culture  F.  C.  Reimer  of  the  North  Caro- 
lina Station  calls  attention  to  the  wholesale  premature  clroppinjj  of 
the  crop  which  occurs  annually  with  many  fiir  trees  in  that  State  ami 
in  other  States  as  well. 

There  are  maiiy  fig  txeee  in  iin-  .M.m-  «  m^  n  »..,.,,,  ,-,  wwui  ^■  .-<■>  »iai  i.mmhi-  m  u  mi. 
every  seaBon  if  it  could  grow  to  maturity;  but  when  about  two-thirds  grown  the  fruit 
Uirns  yellowish,  begins  to  shrivel,  becomes  dry  and  tough,  and  then  drojw.  With  the 
lirst  crop  it  all  drojis  ^^nthin  a  few  days;  while  with  the  second  the  dropping  extends 
over  a  long  period,  each  fruit  falling  as  soon  as  it  reaches  a  certain  size  or  stage  of 
maturity. 

This  trouble  has  been  attributed  to  various  causes  such  as  adverse 
weather  conditions,  too  rapid  growth,  poor  soil,  and  lack  of  proper 
fertilization.  After  examining];  specimens  of  fruit  received  from 
various  sections  of  the  State,  hT^wever,  together  with  many  othore 
pei*sonally  collected.  Professor  Reimer  finds  that  wherever  the  drop- 
ping is  at  all  serious  the  trouble  is  due  to  the  kind  of  fig  grown.  Fully 
05  i)er  cent  of  the  figs  examined  were  true  Smyrna  seedlings  and  of  no 
value  for  culture  in  the  South  since  the  flowers  of  these  seedlings 
must  be  fertihzed  by  the  flowers  of  the  wild  fig  or  caprifig;  otherwise 
the  fi-uit  will  shrivel  and  drop  off  before  maturing.  Thus  far  neither 
the  caprifig  nor  the  fig  wasp  Blastophaga  grossorum,  which  is  reared  in 
the  caprifig  and  carries  the  pollen  to  the  flowers  of  the  Smyrna  fig, 
has  been  successfully  domesticated  in  this  country,  except  in  the 
warmer  sections  of  Cafifornia  where  the  wSmyrna  fig  industry  is  being 
developed  to  a  considerable  extent.^ 

The  caprifig  rarely  produces  edible  fruit,  hence  whether  the  seed- 
lings partake  of  the  nature  of  the  Smyrna  fig  or  of  the  caprifig 
they  are  of  no  value  in  the  South  and,  as  Professor  Reimer  recom- 
mends, they  should  be  destroyed  and  replaced  with  varieties  of  known 
value,  such  as  the  Brown  Turkey  or  the  Celestial,  which  varieties 
have  thus  far  proved  to  be  the  best  in  the  latitude  of  North  Carolina. 
Farther  south  many  other  excellent  varieties  can  be  grown. 

A  previous  bulletin  of  this  series  contains  considerable  detailed 
information  relative  to  fig  growing  in  the  South.*^ 

CONDIMENTAL  FEEDS.^ 

In  a  previous  bulletin  of  tliis  series «  attention  was  called  to  experi- 
ment station  investigations  which  showed  that  the  value  of  condi- 
mental  feeds  and  condition  powders  for  stock  usually  found  on  the 

o  Compiled  from  North  Carolina  Sta.  Bui.  208. 

b  There  exists,  however,  no  doubt  that  the  caprifig  and  its  attendant  wasp  {BUuto- 
phaga  grossorum)  can  be  successfully  propagated  in  our  Southern  States. 

c  U.  S.  Dept.  Agr.,  Farmers'  Bui.  342,  pp.  239-246. 

d  Compiled  from  Indiana  Sta.  Bui.  93;  Iowa  Sta.  Bui.  87;  Maine  Sta.  Rpt.  1896, 
p.  52;  Massachusettfl  Sta.  Bui.  86;  Vermont  Sta.  Bui.  104. 

^  U.  S.  Dept.  Agr.,  Farmers'  Bui.  233,  p.  21. 
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market  has  been  exaggerated.  A  number  of  feeding  experiments  at 
the  state  stations  since  that  article  was  pubHshed  have  furnished  addi- 
tional evidence  that  these  feeds  do  not  produce  the  wonderful  results 
claimed  for  them,  but  when  used  to  any  large  extent  greatly  increase 
the  cost  of  beef,  pork,  and  milk  production  because  of  the  exorbitant 
prices  at  which  many  of  them  are  sold.  Some  of  these  feeds  sell  for 
$200  to  $300  per  ton,  but  contain  material  actually  worth  only  $20 
to  $45  per  ton. 

If  farmers  wish  to  give  condiments  or  tonics  to  their  stock,  it  would 
be  much  cheaper  to  buy  the  ingredients  commonly  used  and  do  their 
own  mixing.  The  following  formula  for  a  condimental  feed,  recom- 
mended by  the  Vermont  and  Maine  stations,  can  be  prepared  for 
about  20  cents  per  pound,  and  is  much  cheaper  and  better  than  many 
of  those  commonly  sold:  Ground  gentian  1  pound,  ground  ginger  I 
pound,  powdered  saltpeter  i  pound,  powdered  iron  sulphate  J  pound; 
mix  and  give  1  tablespoonful  in  the  feed  once  daily  for  ten  days; 
omit  for  three  days,  and  feed  as  above  for  ten  days  more. 

The  Iowa  Experiment  Station  suggests  the  following:  Fenugreek 
8  pounds,  ginger  8  pounds,  powdered  gentian  8  pounds,  powdered 
sulphur  8  pounds,  potassium  nitrate  8  pounds,  resin  8  pounds,  cayenne 
pepper  4  pounds,  flax  meal  44  pounds,  powdered  charcoal  20  pounds, 
common  salt  20  pounds,  wheat  bran  100  pounds.  This  mixture  costs 
less  than  $5  per  100  pounds  and  very  nearly  approximates  the  com- 
position of  the  average  condimental  feed.  However,  the  farmer  must 
realize  that — 

A  tablespoonful  of  such  a  mixture  fed  night  and  morning  would  not  put  his  stock 
on  the  market  in  thirty  days  less  time,  neither  would  it  double  the  flow  of  the  milk 
of  his  dairy  herd,  nor  would  it  prevent  cholera  in  hogs,  abortion  in  cattle,  roup  in 
chickens,  or  glanders  in  horses.  It  is  yet  to  be  proved  that  any  stock  food  or  tonic 
will  do  this.  The  feeding  of  domestic  animals  is  and  always  will  be  a  matter  of  applied 
common  sense  and  intelligence.  But  such  a  stock  food  would  have  the  merit  of  being 
extremely  inexpensive,  besides  having  as  much  merit  in  other  ways  as  any  of  its  class. 

FEEDING  THE  DAIRY  CALF.« 

An  article  in  a  previous  bulletin  of  this  series^  dealt  particularly 
with  substitutes  for  whole  milk  in  calf  feeding.  It  is  the  purpose  of 
this  article  to  present  a  brief  review  of  the  whole  subject  by  D.  H.  Otis, 
of  the  Wisconsin  Experiment  Station.  In  the  first  place  Professor 
Otis  calls  attention  to  the  herdsman's  responsibility  in  feeding  and 
caring  for  the  dairy  calf.  If  the  dams  have  been  properly  nourished 
the  value  of  the  calves  at  birth  depends  largely,  if  not  entirely,  upon 
the  intelligence  and  skill  exercised  by  the  owner  in  their  breeding. 

a  Compiled  from  Wisconsin  Sta.  Bui.  192. 
&U.  S.  Dept.  Agr.,  Farmers'  Bui.  381,  p.  14. 
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The  future  possibilities  of  the  newborn  calf,  however,  rest  on  the 
thouglit  and  skill  that  the  owner  puts  into  its  feed,  care,  and  man- 
atee niont.  Mistakes  at  this  period  of  the  calf's  life  are  probably  of 
lifelonjx  influence,  while  a  mistake  in  feeding?  and  caring^  for  a  mature 
animal  may  be  only  temporary  in  its  effects.  Calf  feedinj:^  requires 
>kill  and  good  comnHin  s(misc.  as  lliorc  arc  no  hard  and  f)is(  inlos 
that  can  be  laid  dow  • 

Young  calves  need  whole  milk  for  Uie  lirsl  few  days.  The  calf  Hhould  always  have 
the  liret  or  coloetxum  milk  of  the  cow  and  be  allowed  to  nurse  the  cow  until  the  eighth 
or  ninth  milking,  when  the  milk  la  suitable  for  human  food.  Feed  often  with  flmall 
amount^)  to  avoid  overfeeding.  Teach  the  calf  to  drink  and  feed  whole  milk  '  -  * 
least  three  weeks,  changing  to  a  skim  milk  diet  gradually. 

By  good  feed  and  care,  or  the  lack  of  it,  it  is  easy  to  make  a  variation  of  |i  to  "^  j  or 
even  $10  per  head  in  the  value  of  the  calf  the  first  year. 

Skim  milk  is  a  cheap  feed  for  calves  but  should  be  fed  carefully  in  limited  quan- 
(ilit»8  and  only  while  it  is  warm  and  sweet.  Skim  milk  may  form  the  principal  diet 
of  the  calf  for  eight  months  or  a  year.  Factory  skim  milk  should  always  be  pasteur- 
ized to  avoid  the  spread  of  tuberculosis.  The  best  skim  milk  is  that  which  is  fresh 
from  the  separatxjr  and  still  warm.  Experiments  show  that  it  ia  only  one-fourth  as 
expensive  to  raise  a  calf  on  skim  milk  as  whole  milk.  Two  pounds  grain  with  the 
})roi)er  amount  of  skim  milk  equals  one  pound  of  butter  fat.  Buttermilk  or  whey 
may  profitably  be  fed  to  calv^. 

Milk  that  is  too  rich  may  cause  serious  trouble  from  scours,  and  in  feeding  such 
milk  care  should  be  exercised  to  give  limited  amounts  at  the  proper  temperature. 
The  feeding  of  whole  milk  should  be  continued  for  about  three  or  four  weeks,  when 
the  number  of  meals  may  be  reduced  to  two  per  day.  From  one-half  to  a  pint  of  skim 
milk  may  now^  be  substituted  for  an  equal  quantity  of  whole  milk.  The  amount  of 
-kim  milk  may  be  gradually  increased  and  the  amount  of  whole  milk  correspondingly 
decreased  until,  at  the  end  of  a  week  or  ten  days,  the  calf  is  getting  all  skim  milk. 
Feed  the  milk  sweet  and  at  blood  temperature. 

Not  over  10  to  12  pounds  of  milk  daily  should  be  fed  until  the  calf  is  5  to  7  weeks  old. 
I^ter  the  amount  may  be  increased  to  14  or  16  pwunds  and  at  three  months  may, 
though  not  always,  go  to  about  20  pounds.  The  amount  fed,  however,  must  be  care- 
fully regulated  by  the  ability  of  the  calf  to  handle  it  without  scouring. 

The  grain  for  calves  should  be  fed  first  while  the  calf  is  quite  small  with  a  little  bran 
to  aid  the  calf  in  learning  to  eat.  High-priced  concentrates  are  unnecessary  and  give 
no  better  results  than  com  meal,  oats  and  bran,  ground  barley,  etc.,  when  fed  in 
proper  combinations.  At  four  to  six  weeks  a  calf  has  good  teeth  and  can  grind  his 
own  feed.  A  variety  of  feeds  is  advantageous  and  best  results  will  usually  be  secured 
from  mixtures. 

The  roughage  for  calves  should  first  be  fed  at  two  or  three  weeks  of  age  when  the 
calf  begins  to  eat  grain.  Good  clean  hay,  either  timothy,  blue  grass,  clover,  or  alfalfa 
may  be  used.  Com  silage  is  an  excellent  calf  feed  when  fed  in  moderate  amounts. 
Good  pasture  is  an  essential  after  four  to  six  months  of  age,  and  if  the  calf  is  turned 
out  for  only  a  few  hours  each  day  at  first  scours  will  be  avoided. 

Whey  has  the  casein  as  well  as  the  butter  fat  removed  and  hence  is  a  much  leas 
valuable  feed  than  skim  milk;  a  good  grain  ration  must  be  carefully  selected  as  a 
supplementary  feed.  The  calf  to  be  fed  on  whey  should  receive  whole  milk  for  the 
first  week  or  two;  it  can  then  be  changed  to  skim  milk.  If  this  is  not  available  it 
should  be  continued  on  whole  milk.  A  calf  v^ill  do  better  not  to  receive  whey  for  five 
to  six  weeks.  It  will  take  ten  days  to  two  weeks  more  to  complete  the  change  to 
70389°— Bull.  430—11 2 
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whey.  Calves  will  handle  about  the  same  amount  of  whey  as  skim  milk,  viz,  14  to 
16  pounds  daily  per  calf.  An  excessive  amount  may  cause  undue  largeness  of  the 
paunch.  The  feeder  will  need  to  give  more  care  and  attention  to  calves  fed  on  whey 
than  to  those  fed  milk. 

Calves,  like  other  farm  animals,  get  thirsty,  even  though  milk  forms  a  large  part  of 
their  ration.  Calves  three  months  of  age  will  drink  as  much  as  5  quarts  of  water 
daily  per  head.  They  like  to  drink  often,  sipping  a  little  at  a  time.  A  half  barrel, 
cleaned  and  replenished  twice  daily,  will  serve  nicely  as  a  water  trough.-  Another 
good  device  is  an  automatic  waterer,  which  may  he  easily  cleaned,  situated  a  little 
above  the  floor  to  keep  out  the  litter.  Salt  is  essential  to  the  development  of  the  calf, 
as  of  other  animals,  and  should  be  kept  continually  available. 

The  management  of  the  calf  during  the  first  year  has  much  to  do  with  its  later  use- 
fulness. Plenty  of  water  and  salt  should  be  given  in  clean  vessels.  Avoid  sudden 
changes  of  diet  and  practice  regularity  in  feeding.  Provide  warm,  dry  quarters  in 
damp  weather.  Give  plenty  of  roughage  and  not  too  much  grain  so  as  to  develop  a 
large  capacity  for  handling  food  as  is  desirable  in  dairy  animals.  When  the  calf  is 
six  months  to  a  year  old  milk  may  be  omitted  from  its  ration  and  a  full  roughage  and 
grain  diet  substituted. 

^^^len  the  skim  milk  diet  is  stopped  at  any  time  from  6  to  12  months  of  age,  it  should 
be  remembered  that  the  calf  is  deprived  of  a  nitrogenous  feed  and  its  place  should 
be  taken  by  some  nitrogenous  grain  or  roughage.  The  tendency  of  the  dairy  calf  to 
get  too  fat  depends  not  only  upon  its  temperament  but  also  upon  its  feed.  Avoid 
too  much  com.  For  grain,  oats  and  barley  are  good;  for  roughage,  bright  clover  or 
alfalfa  hay  with  com  silage  to  give  succulence  and  variety. 

Size  depends  much  upon  heredity  but  even  more  upon  liberal  and  judicious  feed- 
ing. It  is  impossible  to  starve  good  dairy  qualities  into  a  growing  heifer  but  many 
a  promising  heifer  has  been  starved  into  a  poor  cow. 

The  intelligence  that  the  herdsman  puts  into  his  calf  feeding  will  have  a  great 
influence  upon  the  future  cow.  There  are  great  possibilities  in  the  production  of 
good  cows  but  these  are  seldom  if  ever  seen,  appreciated,  or  attained  except  by  an 
intelligent,  thoughtful  feeder.  The  earmarks  of  an  intelligent  feeder  are  seen  in  his 
herd.  The  calves  are  thrifty,  active,  with  bright  eyes,  smooth,  glossy  coats,  always 
hungry,  and  playful  and  lusty. 

DEFECTS  IN  COTTAGE  CHEESES.^ 

Methods  of  making  cottage  cheeses  were  described  in  a  previous 
bulletin  of  this  series.^  The  common  defects  in  cottage  cheese,  and 
their  causes  and  remedies,^  are  summarized  in  a  bulletin  of  the  New 
York  Cornell  Station  substantially  as  follows: 

Defects  in  flavor. — Unclean,  bitter,  acidy,  and  food  flavors  due  to 
bacteria  which  gain  entrance  in  one  or  more  of  the  following  ways: 
Unclean  milk  supply,  unclean  utensils,  on  dirt  carried  by  flies,  impure 
starters,  development  of  acid,  and  to  strong-smelling  foods  which  the 
cows  have  eaten.  It  is  practically  impossible  to  make  the  cheese  any 
better  than  the  milk  supply.  Many  undesirable  flavors  can  be 
avoided,  however,  by  pasteurizing  part  or  all  of  the  skimmed  milk 
and  ripening  with  a  good  commercial  starter. 

o  Compiled  from  New  York  Cornell  Sta.  Buls.  257,  270. 
&  U.  S.  Dept.  Agr.,  Farmers'  Bui.  202,  p.  28. 
c  See  also  U.  S.  Dept.  Agr.,  Farmers'  Bui.  92,  p.  25. 
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Defects  in  texture. — Tho  most  coiiunon  defects  are  dry,  mealy,  and 
lumpy  toxturc  tiuo  to  too  little  moisture  or  an  uneven  incorporation 
of  moisture  in  tho  cheese  as  a  result  of  too  high  or  uneven  tempera- 
ture (luring  tho  mamifacturinji;  process,  which  usually  occui-s  in  cold 
weather  in  buildings  where  tho  temperature  can  not  bo  controlled, 
overdevelopment  of  acid,  too  rapid  drying  or  uneven  drying,  use  of 
too  much  rennet,  or  uneven  coagulation. 

If  uniform  results  aro  to  be  obtained  the  temperatures  and  acidity  la,.,-.  .,.  uiiii.miiii> 
controlled.  In  cold  weather  the  building  should  be  warm.  The  use  of  an  acidimeter 
affords  an  accurate  means  of  determining  the  amount  of  acid  at  all  times,  and  when 
this  is  known  the  development  can  be  controlled  by  raising  or  lowering  the  tempera- 
ture as  deeired.  I^actic  acid  forms  most  rapidly  at  90°  F.,  and  as  this  temperature  is 
lowered  the  growth  of  lactic  acid  forming  bacteria  is  checked  proportionally.  An 
important  fact  to  remember  is  that  the  lower  the  temperature  and  still  have  a  proper 
coagulation  the  smoother  will  be  the  texture. 

The  cheese  is  also  sometimes  soft,  pasty,  or  mushy  in  texture,  due 
to  too  much  moisture  in  the  cheese  resulting  from  too  low  temperature 
of  coagulation,  imperfect  coagulation,  or  insufficient  drying.  The 
precautions  given  under  dry  texture  apply  here  as  well. 

The  great  secret  of  successful  cottage  cheese  making  lies  in  the  proper  controlling 
of  temperature,  acidity,  and  moisture  during  the  entire  manufacturing  process.  A 
high  moisture  content  means  more  whey  and  therefore  more  milk  sugar,  and  subse- 
quently a  greater  and  more  rapid  formation  of  acid.  In  dry  cheese  the  formation  of 
acid  is  slower. 

All  soft  cheeses  should  be  wrapped  in  parchment  paper  and  tinfoil. 
When  tlie  wrapping  in  parchment  paper  is  omitted  the  cheese  is 
contaminated  with  the  tin. 

The  bulletin  makes  the  following  suggestions  regarding  liu-  im- 
portance of  quality  in  cheese  in  general: 

The  finished  cheese  can  be  no  better  than  the  milk  from  which  it  is  made.  Every 
cheese  maker  should  be  familiar  with  the  use  of  the  acidimeter  and  the  fermentation 
test.  The  cheese  factory  should  be  the  center  of  tural  dairy  education.  The  maker 
should  be  qualified  to  teach  his  patrons.  If  the  factory  building  is  neatly  painted, 
if  the  surroundings  are  tidy,  and  if  the  maker  himself  has  a  good  appearance,  it  will 
be  easier  to  induce  the  patrons  to  furnish  better  milk.  It  will  be  of  much  greater 
value  to  the  cheesemaker,  the  patron,  and  the  consumer  if  in  the  future  more  atten- 
tion is  given  to  the  improvement  of  quality  rather  than  quantity. 

THE  IOWA  SILO.« 

i  v,i  .-K»ii<»i  ^>,ai,^  the  Iowa  Station  has  been  making  a  careful 
study  of  modern  silo  construction  and  of  the  success  and  merits 
of  different  types  of  silos.  A  bulletin,  issued  first  in  1908  and 
reissued  in  1909,  treated  of  types  of  silos  then  in  use  and  presented  a 
design  of  a  new  type  of  silo  constructed  of  hollow  clay  building 
blocks.  A  more  recent  bulletin  of  this  station,  by  J.  B.  Da%'idson 
and  M.  L.  King,  describes  in  detail  the  construction,  merits,  and 
success  of  this  silo,  which  has  come  to  be  known  as  the  Iowa  silo.      In 

a  Compiled  from  Iowa  Sta.  Bui.  117. 
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brief,  the  materials  used  in  the  construction  of  this  silo  are  rectangu- 
lar hard-burned  (vitrified)  hollow  clay  building  blocks  (fig.  1),  which 
do  not  readily  absorb  water;  a  rich,  water-tight  mortar,  and  a  cement 
wash  for  the  inside  of  the  wall;  and  enough  steel  reinforcement 
(hard  black  No.  3  or  No.  9  steel  vnre)  laid  in  the  mortar  joints  of  the 
silo  to  resist  a  bursting  pressure  of  silage  of  30,000  pounds  per  square 
inch.  The  doors,  either  individual  or  continuous,  are  constructed 
of  wood  as  described  later.  The  roof  may  be  of  concrete,  wood, 
metal,  or  other  material. 

In  constructing  the  silo  it  is  of  great  importance  to  have  a  founda- 
tion sufficiently  broad  to  prevent  appreciable  settling  and  deep 
enough  to  avoid  danger  from  freezing.  A  depth  of  3J  feet  is  rec- 
ommended. If  there  is  any  probability  of  ground  water  standing 
about  the  foundation  a  tile  drain  should  be  laid  as  shown  in  figure  3. 


Fig.  1  .—Five  sizes  of  hollow  vitrified  clay  building  blocks  used  in  silo  construction. 

"Porous  back  filling  placed  outside  the  foundation  insures  that  any 
surface  or  ground  water  will  sink  to  the  drain  rather  than  fill  the 
blocks  of  the  wall  through  any  crevice  which  may  exist." 

The  foundation  may  be  one  of  at  least  four  types:  ''(1)  Building 
blocks  throughout;  (2)  concrete  footing  with  blocks  extending  from 
the  floor  up;  (3)  concrete  footing  with  blocks  laid  on  end  and  filled 
with  concrete;  (4)  concrete  footing  and  foundation  extending  to 
about  1  foot  above  the  grade  line."  In  the  first  type,  shown  in 
figure  2 — 

The  first  course  of  the  footing  is  16  inches  wide,  made  of  two  S-inch  blocks  laid 

flatwise  side  bv  side.     Then  the  next  course,  12  inches  in  width,  should  consist  of 

blocks  laid  flat  crosswise  and  bedded  in  mortar.     This  completes  the  footing  and  the 

third  course  becomes  the  first  course  of  the  wall.    The  third  and  each  succeeding  course 
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Fio.  2.— Foundation  constructed  entirely  of  building  blocks. 

When  sand  and  gravel  are  expensive  the  first 


should  be  liberally  mortartnl  or  plafltero<l  at  the  outAido  of  the  vertical  joint 
reducos  the  liability  of  wat<»r  gettinj?  into  any  roiirso  of  the  foundation.  Th- 
course  if  conncH*te<i  to  a  drain  would  render  any  other  droina{;e  unnecef«arv 

[The  peoond  ty|K']  of  foundation  Himplyconaista  of  ft  .  '  i 

in  a  trench  at  the  hotlom  of  the  pit,  12  inches  or  one  t^\  .  .  lo 

wide  at  the  top,  flaretl  to 

16  inches  in  width  at  the  ^ 

bottom.  On  the  top  of 
this  footin^i:  is  placed  the 
wall  built  of  blocks.  (See 
fig.  3.) 

These  two  foun- 
dations have  the  ad- 
vantage of  not  re- 
quiring forms  for 
their  construction. 
The  choice  hetween 
them  depends  upon 
their  relative  cost, 
is  the  cheaper. 

Perhaps  the  greatest  objection  that  can  be  foreseen  to  these  two  forms  of  foundation 
is  the  possibility  of  the  blocks  of  the  wall  filling  with  water,  which  through  careless- 
ness or  faulty  drainage  might  be  standing  against  the  wall.     *    ♦    * 
In  order  to  prevent  any  such  trouble,  the  outer  joints  may  be  left  open  at  a  point 

directly  under  the  roof 
down  spout,  at  which  point 
there  should  of  course  be 
special  provisions  for  carry- 
ing away  all  surface  water 
which  may  collect.  This 
may  be  easily  accomplished 
by  filling  over  an  opening 
in  the  drain  tile  with  coarse 
material,  which  will  always 
permit  the  passage  of  sur- 
face water  directly  and 
quickly  to  the  drain. 

[The  third]  type  of  foun- 
dation shown  in  figure  4  is 
built  with  a  concrete  foot- 
ing upon  which  blocks  are 
placed  on  end,  each  course 
being  filled  with  concrete  as 
it  is  placed  and  another 
course  placed  and  filled  in 
a  similar  manner.  This  method  is  continued  to  a  point  at  least  a  foot  above  the 
j:rade  line.  From  this  point  up  the  blocks  are  laid  horizontally.  The  advantage 
of  this  type  is  that  the  possible  danger  from  water  is  obviated.  More  expense  and 
work  is  incurred,  although  no  material  for  forms  is  necessary. 

[The  fourth]  type  of  foundation  is  shown  in  figure  5.     Earth  is  utilized  for  the  outer 
form  but  lumber  is  used  for  the  inner.     By  permitting  this  to  extend  down  only  to 
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Fig.  3.— Second  type  of  silo  foundation. 
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■within  a  few  inches  of  the  bottom  of  the  pit,  the  footing  may  be  permitted  to  widen. 
This  is  desirable  as  a  wall  need  never  be  as  thick  as  the  width  of  the  footing.  In  case 
the  ground  is  reasonably  level  and  firm,  it  will  be  cheaper  to  simply  dig  a  narrow 
trench  and  widen  same  at  bottom  to  16  inches.  If  ground  is  excavated  next  day  and 
concrete  trimmed,  a  reasonably  smooth  job  is  insured. 

The  floor  of  the  silo  may  be  constructed  out  of  ordinary  concrete 
used  in  sidewalk  construction  and  need  not  be  more  than  3  to  4 
inches  thick.  For  convenience  and  economy  it  should  be  slightly 
hollowed  in  the  center.  Wliere  the  silo  is  built  on  heavy  clay  or 
other  nonporous  soil  and  the  foundation  is  deep  enough  to  keep  out 
rats  no  floor  will  be  necessary,  although  usually  a  floor  is  desirable. 

If  properly  graded  sand  and  gravel  can  be  obtained,  one  part  of  cement  to  five  parts 
of  sand  and  gravel  will  be  about  the  right  proportion  to  use.     The  concrete  should 

be  thoroughly  tamped  and 
troweled. 

In  some  cases  where  sand 
and  gravel  are  expensive,  it 
may  be  cheaper  to  use  a 
clay  sidewalk  block  or  even 
a  hollow  block,  the  same 
as  used  in  the  wall,  cov- 
ered with  a  thin  coat  of 
plaster.  In  the  case  of  the 
sidewalk  blocks,  the  plaster 
covering  would  be  un- 
necessary if  the  blocks 
were  laid  in  cement. 

There  is  decided 
advantage  in  using 
curved  blocks  for  the 
construction  of  the 
walls,  and  such  blocks 
can  be  made  without 
any  great  difficulty. 
*'A  workman  lays  up 
the  curved  block  more 
rapidly  and  with  more 
The  wall  is  smoother  inside 


^0/29//?  n/e  /rr?eeaea 

Fig.  4.— Third  type  of  silo  foundation. 


satisfaction  than  the  straight  block. 

and  out,  which  is  of  obvious  advantage  to  the  preservation  of  silage 

inside  and  the  appearance  outside." 

Five  different  sizes  of  blocks,  as  shown  in  figure  1,  may  be  used, 
but  the  type  |C,  in  the  figure,  has  many  advantages  over  the  other 
kinds  ''as  it  forms  a  4-inch  wall  which  is  abundantly  strong  for  the 
purpose  and  each  block  forms  an  8-inch  portion  of  the  wall.  With  this 
block  less  mortar  is  required  than  with  any  other  size  block."     *     *     * 

Also  it  forms  a  warmer  wall  than  the  smaller  size  blocks,  as  there  is  less  material 
extending  across  the  wall  to  conduct  heat  away  from  the  warm  silage.     It  is  also 
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e&e'ior  for  the  mason  to  handle  aH  he  can  grip  it  in  one  hand  conveniently,  while  a 
larger  block  i»  tiresome  to  handle.  Alno  in  turning  a  circle  with  a  thicker  block,  the 
outer  joint  stands  open  proportionately  farther.  In  addition  to  this,  it  has  the  ad  van- 
tttgo  of  being  more  easily  bent  than  a  larger  '  '  '  ,ad  costs  lees  as  such  material  is 
sold  by  volume.     ♦    ♦    ♦ 

The  mortiir  used  for  this  work  is  com|)08ed  of  eeniont,  lime,  and  sand.  The  Hand 
should  be  medium  fine.  A  certain  amount  of  lime  is  necessary,  as  cement  mortar  is 
not  phi.'^tir  enough  to  stick  to  the  ends  of  the  block.**  when  applie<l.  No  more  lime 
should  be  used  than  necessary  to  make  the  mortar  workable.  The  quantity  of  lime 
for  thi.s  purpose  will  vary  somewhat  with  the  material  and  workman.  Perhaps  the 
least  amount  of  lime  which  could  be  made  to  serve  the  purjxxse  is  one  part  of  cement, 
one- third  of  one  part  of  lime,  and  two  parts  of  sand,  while  one  part  of  cement,  one 
part  of  lime,  and  four  parts  of  sand  is  as  much  lime  as  would  ever  be  required  and  at 
the  same  time  provides  a  mortar  of  good  quality.  The  hydrated  lime  generally  sold 
in  paper  sacks  is  a  very  convenient  form  of  lime  to  use,  as  it  can  be  mixed  dry  with 
the  cement  and  sand.  Enough  may  be  mixed  dry  to  last  one-half  day,  then  wet  down 
as  it  i.«i  needed.  The  importance  of  measuring  all  materials  and  thoroughly  mixing 
them  can  not  be  emphasized  too  strongly.     Thorough  mixing  is  absolutely  es.'«ential 
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Fig.  5.— Fourth  type  of  silo  foundation. 

for  a  smooth  mortar.  Very  few  men  can  make  a  uniform  quality  of  mortar  without 
measuring  the  materials. 

In  order  that  cement  mortar  may  set  properly,  it  must  contain  considerable  water. 
If  this  water  is  drawn  out  by  coming  in  contact  with  hot,  dry  blocks,  the  mortar  can 
not  harden  properly.  A  hard  block  will  of  course  absorb  less  moisture  than  a  soft 
one,  but  both  hard  and  soft  blocks,  if  warm,  should  be  dipped  for  a  few  moments  just 
before  laying. 

The  most  convenient  and  advantageous  place  for  the  reinforcement  in  this  type  of 
a  silo  is  in  the  mortar  joints.  The  size  of  steel  necessary  is  less  than  the  thickness  of 
the  mortar  joint;  therefore,  it  does  not  interfere  with  the  laying  of  the  blocks  and,  by 
placing  it  in  the  mortar  joint,  it  is  thoroughly  protected  from  rust.  The  amount  of 
steel  necessary  is  shown  in  figure  6,  and  the  size  of  wire  most  suitable  will  vary  with 
the  size  of  the  silo  and  ils  availability.  Heavy  wires  are  not  generally  carried  in  stock, 
therefore  a  decision  in  regard  to  the  size  to  be  used  should  be  made  and  the  order 
placed  at  least  a  month  before  building.  It  is  hoped  that  the  demand  will  cause 
manufacturers  to  carry  a  suflficient  supply  to  be  able  promptly  to  furnish  silo  builders 
with  material.  The  size  of  the  wire  most  convenient  to  use  is  No.  3,  which  is  \  inch 
in  diameter.  This  is  as  large  as  can  be  handled  in  the  mortar  joints  conveniently, 
but  it  is  not  larger  than  necessary.  Even  with  this  size  of  wire  it  is  necessarj'  in  the 
case  of  large  silos,  and  8-inch  blocks,  to  place  more  than  one  wire  in  each  mortar  joint 
near  the  bottom.  However,  if  convenient  to  purchase,  it  will  sometimes  be  advan- 
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tageous  to  purchase  No.  6,  8,  or  9  wire  for  the  upper  portion  of  the  silo  where  less 
reinforcement  is  necessary.  The  wire,  when  embedded  in  the  mortar,  will  not  rust, 
therefore  black  wire  should  be  used  as  it  is  cheaper  than  galvanized.  All  wire  should 
be  stored  in  a  dry  place  where  it  will  not  rust.  The  most  desirable  quality  is  hard  or 
high-carbon  wire.  Soft  or  medium  wire  is  difficult  to  straighten  and  kinks  badly  in 
handling,  thus  causing  considerable  trouble.  Hard  or  high-carbon  wire  is  as  cheap  as 
any,  more  convenient,  and  stronger.  These  heavy  wires  are  wound  in  coils,  therefore 
it  becomes  a  very  important  problem  to  straighten  them  sufficiently  to  lay  on  the  wall. 

In  figure  6  is  shown  the  number  of  wires  No.  9  or  No.  3  which  should  be  placed  in 
each  mortar  joint  of  any  silo  varying  in  diameter  from  12  to  20  feet  and  40  feet  or  less 
in  height,  with  mortar  joints  5  and  8  inches  apart.  The  left  half  of  the  plate  is 
for  mortar  joints  placed  8  inches  apart  while  the  right  half  is  for  joints  5  inches 
apart.  Most  standard  material  is  such  as  to  be  laid  in  one  of  these  two  ways.  The 
top  row  of  figures  on  either  side  of  the  plate  indicates  diameters.  The  left  figure  of 
the  double  column  below  each  large  figure  indicates  the  number  of  No.  9  wires  while 
the  right  of  the  double  column  indicates  the  number  of  No.  3  wires  for  each  joint. 
The  distance  from  top  of  silo  should  be  the  basis  of  calculation  at  all  times. 

In  practice,  the  table  would  be  used  as  follows:  For  example,  take  a  16  by  36  silo 
made  of  4  by  8  by  12  blocks,  reinforced  with  No.  3  wire.  In  the  left  half  of  the  table 
under  16  at  a  depth  of  36  feet  is  found  mortar  joint  No.  54  which  should  contain  two 
No.  3  wires.  Succeeding  joints  should  be  reinforced  as  indicated  in  this  column 
successively  above. 

The  most  convenient  method  tried  for  straightening  -this  wire  *  *  *  may  be 
described  as  follows:  Secure  or  build  a  reel  from  which  a  coil  of  wire  may  be  conveni- 
ently unwound.  Mount  this  reel  upon  a  plank  or  platform  where  it  will  turn  easily, 
then  secure  a  short  piece  of  gas  pipe  close  to  the  reel  as  shown  in  figure  7. 

Through  this  pipe  draw  the  wire  as  it  uncoils  from  the  reel.  The  pipe  should  be  so 
placed  that  its  curvature  will  be  the  reverse  of  the  curvature  of  the  wire  in  the  coil. 
At  a  convenient  distance  from  the  pipe,  drive  a  stake,  at  which  point  the  wires  may 
be  cut  to  their  proper  length.  In  order  to  determine  this  length  easily,  another  stake 
may  be  driven  to  which  the  end  of  the  wire  may  be  pulled  each  time  before  cutting. 
As  soon  as  the  first  wire  is  cut,  it  should  be  laid  upon  the  wall  or  fitted  to  a  similar 
sized  circle  to  see  if  the  curvature  is  correct.  If  not,  the  curvature  of  the  pipe  may 
be  altered  and,  by  a  few  trials,  the  proper  curvature  secured. 

The  horizontal  or  bed  joints  should  be  thoroughly  bedded  to  cover  the  steel  rein- 
forcement. The  vertical  joints  at  the  block  ends  should  be  made  with  extreme  care 
in  order  to  insure  perfect  air  and  water-tight  joints.  In  order  to  do  this  the  ends  of 
both  blocks  should  be  mortared  before  pressing  together.     *    *    * 

The  outside  joints  should,  for  the  sake  of  appearance,  be  struck  neatly  with  the 
trowel  as  the  work  progresses,  and  for  warmth  they  should  of  course  all  be  tight.  On 
the  inside,  however,  this  is  scarcely  sufficient,  as  there  might  still  be  an  occasional 
opening  left  between  the  ends  of  the  blocks,  which  would  permit  the  air  to  enter.  In 
order  to  close  all  such  openings,  the  mortar  may  be  left  hanging  on  the  inside  or  cut 
roughly,  then  while  still  green  washed  with  a  cement  wash  before  the  scaffold  is  raised 
or  the  work  left  for  the  night.  This  wash  naturally  brings  to  view  any  crevices  which 
may  exist.  These  may  then  be  filled  with  mortar,  and  this  thoroughly  seals  the  inside 
of  the  wall.  This  wash  is  composed  of  cement  and  water  mixed  to  about  the  con- 
sistency of  good  paint  and  can  be  applied  with  a  broom.  The  wash  should  be  applied 
vigorously  in  order  to  smooth  down  and  fill  the  irregularities. 

The  blocks  should  be  carefully  examined  as  to  quality,  and  ''only 
unquestionably  good  blocks  should  be  put  in  the  ground  or  near  the 
grade  line." 
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6.— Diagram  showing  number  of  strands  of  wire  reinforcement  for  each 
mortar  Joint. 
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All  questionable  blocks,  if  used  at  all,  should  be  put  in  the  top  few  feet  of  the 
structure.  The  medium  quality  should  be  used  for  the  main  wall.  A  quality  of  block 
which  would  be  entirely  satisfactory  foc^portions  of  the  wall  above  the  foundation 

might  not  be  permissible 
for  foundation  work  on 
account  of  the  moisture 
present  on  the  outside 
near  the  grade  line.  How- 
ever, it  must  be  remem- 
bered that  it  is  always 
best  to  get  unquestion- 
able material  for  the 
whole  silo  even  though 
the  cost  of  the  material 
or  freight  be  considerably 
more. 

The  following  method  of  laying  the  wall,  which  is  considered  only 
one  of  several  practical  methods,  has  been  successfully  used : 

The  first  course  should  be  spaced  around  one-eighth  to  three-sixteenths  of  an  inch 
apart  without  mortar  in  order  to  determine  the  proper  diameter  of  silo  and  length  of 
guide.    This  will  overcome 


Fig.  7.— Reel  and  device  for  straightening  wire  reinforcement. 
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the  necessity  of  cutting 
blocks.  Steel  should  be 
placed  upon  the  outer  half 
of  courses  in  order  that 
there  shmll  be  enough  mor- 
tar inside  to  bear  against 
the  wire  and  hold  the  blocks.  Loose  blocks  may  be  placed  temporarily  upon 
the  wall  to  hold  the  steel  in  place  at  intervals  of  6  or  8  feet  as  occasion  requires.  Steel 
upon  the  courses  below  and  above  the  doorways  should  be  long  enough  to  lap  past 
each  other  and  be  hooked  as  shown  in  figure  8. 


Fig.  8.— Metliod  of  lapping  wall  reinforcement. 


Door 
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Fig.  9.— Section  of  wall  and  cross-tie  for  continuous  door  frame. 

Two  types  of  doorways,  the  individual  and  the  continuous,  have 
been  successfully  used.  The  continuous  doorway  is  more  convenient 
and  is  generally  more  desirable. 
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In  the  individual  doorway  the  size  of  opening  is  32  inches  wide  by 
34  to  36  inches  hijjh.  dependin*^  somewhat  upon  the  size  of  the  blocks, 
of  which  three  or  four  courses  are  placed  between  the  doors.  The 
continuous  doorway  is  22  inches  wide  by  40  to  48  inches  hi^li.  Tt 
consists  essentially  of  a  continuous  door  iam  on  each  side  of  the 
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Fio,  10.— Forms  for  continuous  concrete  door  frame. 

Theee  jama  are  made  up  of  reinforced  concrete.  The  horizontal  reinforcemente  of 
the  silo  wall  hook  into  the  vertical  reinforcements  of  the  jam.  The  jams  are  tied 
together  at  intervals  of  4  or  5  feet  by  steol  within  the  croestie  blocks.  This  steel  not 
only  extends  into  the  vertical  jam,  but  in  order  to  be  more  secure,  extends  several 
feet  into  the  wall  on  either  side  of  the  jam. 

These  crossties  may  be  built,  as  shown  in  figure  9,  of  steel  protected  from  rust  by 
being  incased  within  the  clay  blocks  filled  with  concrete  or  concrete  alone. 
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A  detailed  drawing  of  the  form  used  for  the  continuous  doors  is 
given  in  figure  10.  The  form,  scaffold,  and  guide  used  in-  building 
the  silo  wall  and  doorway  are  shown  in  place  in  figure  11. 

The  doors  to  fit  the  individual  doorway  must  be  curved  and  may  be  made  as  shown 
in  the  drawing,  figure  12.     Two  cleats  may  be  sawed  to  the  proper  curve  and  two 


Fig.  11.— Form,  scafiold,  and  guide  used  in  building  silo  wall  and  doorway. 

thicknesses  of  6-inch  fence  flooring  nailed  to  the  inner  side  of  the  curve,  between 
which  should,  be  placed  a  layer  of  tar  paper.     The  cleats  should  not  reach  closer  than 
within  1^  inches  of  side  of  the  door,  as  a  1^  inch  bearing  will  be  necessary  between  the 
door  and  the  concrete  door  frame. 
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Two  principal  kinds  of  doors  have  been  succemfully  used  in  the  continuoud  door- 
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Fig.  12.— a  form  of  Individual  door. 
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way.  Figure  13  showH  a  door  made  of  two  thirkneHsofl  of 
tar  paper  holwoen.  These  doors  are  beveled  at  the  end  to 
ehoulder  in  the  concrete. 

A  cheaper  and  very  pood 
door  irt  shown  in  figure  14. 
Thii*  door  as  shown  is  made 
of  two  thicknet^ea  of  ship- 
lap,  that  lap  onto  each 
other  about  2  inches  and 
are  not  beveled  at  the 
ends.  The  boards  on  the 
outer  side  are  shorter  than 
those  on  the  inside.  A 
wide  cleat  with  beveled 
ed^es  is  nailed  to  the  inner 
side  of  the  door  and  on  the 
different  doors  meet  end 
to  end,  thus  offering  little 
obstruction  to  the  free  8et> 
tling  of  the  silage. 

In  order  that  any  silo 
may  fulfill  its  purpose,  it 
is  nece88ar>'  that  the  joints 
between  the  doors  and  the 
door  frames  be  air-tight. 
*  *  *  Sealing  with  clay 
was  found  to  be  satisfac- 
tory where  reasonable  care 
was  exercu^ed  in  its  use. 
This  becomes  a  very  sim- 
ple matter  by  taking  a 
quantity  of  fine  clay,  wet- 
ting it  until  sticky  but 
quite  stiff,  and  fillmg  the 
shoulder  of  the  door  frame 
with  this  before  pressing 
the  door  into  place.  If 
the  mud  is  rather  stiff  it 
will  hold  the  door  to  place 
until  the  silage  is  up  high 
enough  to  secure  it  per- 
manently. The  moisture 
of  the  silage  keeps  the 
clay  damp  on  the  inside, 
thus  making  it  air-tight. 

While  a  roof  is  not 
absolutely  necessary, 

it    is    desirable    for  "a  Fio.H.-Acheaperlbnn  of  continuous  door. 

number  of  reasons.  It  may  be  built  of  concrete,  wood,  metal,  or  other 
material,  but  concrete  construction  presents  certain  decided  advan- 
tages and  insures  a  building  constructed  throughout  of  equally  dura- 
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ble  material.     A  convenient  method  of  constructing  a  concrete  roof 
is  described  in  detail. 

The  following  is  a  bill  of  materials  required  for  an  Iowa  silo  16  feet 
in  diameter  and  35  feet  high  with  concrete  roof: 

This  bill  may  be  easily  modified  for  other  sizes.     The  different  types  of  foundations, 

doors,  etc.,  are  included,  from  which  choice  may  be  made  to  suit  condition. 

Type  one  foundation: 

Blocks  4  by  8  by  12 130 

Cement sacks. .  1^ 

Lime do ll^ 

Sand yard . .  | 

Type  two  foundation: 

Cement barrels . .  2^ 

Gravel yards. .  2 

Type  three  foundation: 

Cement barrels . .  5f 

Gravel yards . .  4 J 

Type  four  foundation: 

Cement ■ barrels . .  6| 

Gravel yards. .  5 

Material  for  forms — 

Stakes,  24  pieces,  2  inches  by  4  inches  by  6  feet board  feet. .  98 

Stakes,  24  pieces,  2  inches  by  4  inches  by  2  feet do 32 

Braces,  24  pieces,  2  inches  by  4  inches  by  10  feet do 160 

Sheeting,  ^-inch  lumber do 300 

Floor: 

Cement yards. .  2 

Gravel barrels . .  2| 

Wall: 

Blocks,  4  by  8  by  12 ^3,000 

Freight  on  18  to  24  tons. 

Cement barrels. .  5 

Lime do 5 

Sand yards..  2 

Steel  No.  3  wire,  hard pounds. .  400 

18  pieces  ^  inch  by  ^  inch  by  18  feet  reinforcing  bars do 276 

No,  12  soft  wire do 5 

Scaffold: 

Posts,  20  pieces,  2  inches  by  6  inches  by  16  feet board  feet. .  320 

Frame  work,  5  pieces,  2  inches  by  8  inches  by  12  feet do 80 

Plank  below  scaffold,  2  pieces,  2  inches  by  8  inches  by  16  feet do 44 

Platform,  2  pieces,  2  inches  by  12  inches  by  14  feet do 56 

Platform,  2  pieces,  2  inches  by  10  inches  by  16  feet do 54 

Platform,  6  pieces,  2  inches  by  12  inches  by  16  feet do 192 

Platform,  4  pieces,  1  inch  by  12  inches  by  16  feet do 64 

Braces  for  holding  post  before  wall  is  started — 

8  pieces  1  inch  by  6  inches  by  16  feet do 64 

4  wire  stretchers. 
4  clevises. 

a  In  case  type  4  foundation  is  used,  the  number  of  blocks  will  be  about  150  to  200 
less. 
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Fornw: 

Individual  ».-.  .  ...a~ 

Lumber,  2  piecoB,  2  inches  by  6  inches  by  10  feet 
Lumber,  1  piocc,  2  inches  by  6  inches  by  16  feet  . 
l-umber,  1  piece,  2  inches  by  4  inches  by  14  feet. 
Lumber,  2  pieces,  2  inches  by  4  inches  by  12  feet 
Lumber,  4  pieces,  1  inch  by  10  inches  by  14  feet. 
Lumber,  1  piece,  1  inch  by  10  incht«  by  14  feet. 
Lumber,  2  pieces,  1  inch  by  10  inches  by  10  feet  . 
Eight  i  inch  by  10  inches  machine  bolts. 
Eight  §  inch  by  17  in«-^i<"^  in^uliii...  l.n]i< 
Continuous  door  forms- 
Lumber,  1  piece,  2  in*  in  rn  uy    t  im m-.-  ny  o  n-ri. 

Lumber,  2  pieces,  2  inches  by  4  inches  by  14  feet . 
Lumber,  2  pici'es,  2  inches  by  (i  inches  by  16  feet 
Lumber,  4  pieces,  1  inch  by  10  inches  by  14  feet . 
Lumber,  1  piece,  1  inch  by  10  inches  by  8  feet  . 
Eight  i  inch  by  7  inches  machine  bolts. 
Eight  ^  inch  by  15  inches  machine  bolts. 
Guide: 

i  inch  by  IJ  inches  by  14  feet  stop. 
2  pieces  4  feet  lath. 

2  inches  by  4  inches  by  8  feet 

8  feet  gas  pipe  3  inches  or  1  inch. 
Derrick: 

3  pieces  2  inches  by  6  inches  by  16  feet 

1  piece  2  inches  by  6  inches  by  6  feet . . 

6  pieces  1  inch  by  6  inches  by  16  feet 

3  guy  wires  (100  feet  each)  No  <<  u  irr> 
Individual  doors  (six  are  required 
Fence  flooring.. . 

2  by  4  cleats 

Tar  paper  or  prepared  rooimg. 

8d  nails. 
Continuous  doore: 

Fence  flooring. . 

Tar  paper  or  prepared  rooting. . 

6d  nails. 
'  Ontinuous  doors: 

10  inch  shiplap.  .  « 

Tar  paper  or  prepared  roofing 

6d  nails. 
Koof: 

Tornice  blocks- 
Cement 

Sand 

Steel  No.  9  wire 

Form  for  cornice  blocks — 

1  piece  1  inch  by  8  inches  by  3^  feet 
1  piece  1  inch  by  6  inches  by  12  fee' 
1  piece  2  inches  by  4  inches  by  7  fe< 

Lever  for  setting— 

1  piece  2  inches  by  4  inches  by  8  fe< 
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16 
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10 
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Roof — Continued . 

Cement barrels..  5 

Gravel yards. .  2 

Steel,  3  pieces  ^  inch  by  ^  inch  by  18  feet pounds. .  46 

False  work: 

26  pieces  1  inch  by  12  inches  by  10  feet  sheeting board  feet. .  260 

8  pieces  2  inches  by  6  inches  by  10  feet  rafters do 80 

1  piece  4  inches  by  4  inches  by  6  feet  or  1  cedar  post do 8 

5  pieces  1  inch  by  8  inches  by  16  feet do 54 

4  pieces  1  inch  by  6  inches  by  16  feet do 32 

8  forgings. 

The  following  estimate  of  labor  required  for  the  construction  of  an 
Iowa  silo  ''is  based  upon  the  use  of  4  by  8  by  12  curved  blocks,  and 
a  silo  16  feet  diameter  and  35  feet  high  with  concrete  roof.  By 
modifying  this  estimate  to  suit  any  other  size  of  silo  or  local  labor 
conditions,  a  quite  definite  idea  of  labor  cost  may  be  obtained." 

Wall: 


Excavation: 

4  men  5  hours. 
1  team  5  hours. 
Footing: 

Type  one — 

Mason  3  hours. 

Mason  helper  3  hours. 

Unskilled  labor  3  hours. 
Type  two — 

Mason  4  hours. 

Mason  helper  4  hours. 

Unskilled  labor  4  hours. 
Type  three — 

Mason  6  hours. 

Mason  helper  6  hours. 

Unskilled  labor  6  hours. 
Type  four — 

Labor  on  concrete  and  forms. 

Mason  15  hours. 

Mason  helper  15  hours. 

Two  unskilled  laborers  15  hours 
each. 
Floor: 

Mason  5  hours. 

Mason  helper  5  hours. 

Two  unskilled  laborers  5  hours  each. 


door     forms:  Carpenter 
Carpenter 


Individual 

hours. 
Continuous   door   forms 

hours. 
Scaffold: 

Carpenter  10  hours. 
Unskilled  laborer  10  hours. 
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Mason  60  hours. 
Mason  helper  60  hours. 
Two  unskilled  laborers  60  hours  each. 
Doors : 

Individual  type:    Carpenter  6  hours. 
Continuous  type:  Carpenter  5  hours. 
Continuous  type:  Carpenter  3  hours. 
Roof: 

Cornice  blocks  making — 
Mason  5  hours. 
Mason  helper  5  hours. 
Unskilled  laborer  5  hours. 
Cornice  block  setting — 
Mason  6  hours. 
Mason  helper  6  hours. 
Two  unskilled  laborers  6  hours 
each. 
Framing    false    work:     Carpenter    6 

hours. 
Placing  false  work — 
Mason  3  h©urs. 
Mason  helper  3  hours. 
Two  unskilled  laborers  4  hours 
each. 
Placing  concrete — 
Mason  8  hours. 
Mason  helper  8  hours. 
Two  unskilled  laborers  8  hours 
each. 
Removal  of  false  work  and  scaffold: 
Three  unskilled  laborers  6  hours 
each. 
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U.  S.^  Department  of  Agriculture, 
.«  \:\'\         Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
„      ,, .  •  ..  .   ,  Washington,  D.  C,  December  24,  1910. 

}'B^^:  I  hav6  ttiaJionor  to  transmit  herewith  a  manuscript  entitled 
'^'ThQ. Peanut,'^' by  Mr.  W.  R.  Beattie,  Assistant  Horticulturist,  and 
riecaiiirbrericl  that  it  be  published  as  a  Farmers'  Bulletin,  to  supersede 
tfe  former  publication,  entitled  ''Peanuts",  issued  as  Bulletin  No. 
356  of  the  same  series.  During  the  past  two  years  the  methods  of 
production  and  the  uses  of  peanuts  have  so  changed  and  increased 
as  to  call  for  the  issuance  of  a  new  bulletin. 

The  peanut  is  rapidly  becoming  an  important  farm  crop  through- 
out the  Southern  States.  Its  vines  are  valuable  as  forage  and  the 
peas  that  are  not  marketable  can  be  used  for  feeding  purposes. 
Throughout  the  boll-weevil  district  of  the  cotton  belt  the  peanut 
promises  to  become  of  importance  as  a  money  crop,  and  special  oil- 
producing  varieties  will  doubtless  assist  in  keeping  the  oil  mills  of 
the  Southern  States  supplied  with  raw  materials. 
Respectfully, 

Wm.  a.  Taylor, 
Acting  Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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INTRODUCTION. 

It  is  not  definitely  known  when  and  where  the  peanut  was  first 
cultivated.  Several  allied  species  of  plants  are  natives  of  Brazil,  and 
there  is  every-  indication  that  the  common  peanut  oriji^inally  came 
from  tropical  America.  Peanuts  were  introduced  into  the  United 
States  during  the  earlier  days  of  colonization,  but  did  not  become 
of  commercial  importance  until  about  1870.  From  tliat  time  until 
1897  the  growth  of  the  peanut  industry  was  gratkial,  but  a  great 
increase  in  the  production  and  use  of  peanuts  has  taken  place  during 
the  last  eight  or  ten  yeai^. 

Botanically  the  peanut  belongs  to  the  same  group  of  plants  as  do 
the  beans  and  peas,  but  it  possesses  the  character  of  maturing  its 
fruit  or  nut  beneath  the  surface  of  the  soil  rather  tlian  above  ground, 
as  do  most  other  leguminous  plants.  The  tcclmical  name  of  the 
peanut  is  Arachis  hypogea,  the  name  indicating  the  characteristic 
habit  of  the  plant  to  mature  its  fruits  underground.  The  peanut  is 
known  under  the  local  names  of  ''goober,"  ''goober  pea,"  "pindar," 
"ground  pea,"  and  "groundnut."  The  names  "goober"  and 
"goober  pea"  are  more  properly  applied  to  an  alHed  species  having 
no  true  stem  and  only  one  pea  in  each  pod  wliich  has  been  introduced 
and  is  frequently  found  growing  wild  in  the  Gulf  Coast  States. 
Properly  speaking,  the  peanut  is  a  pea  rather  than  a  nut,  the  term 
"nut"  having  been  added  on  account  of  its  flavor,  wliicli  is  similar 
to  that  of  many  of  the  true  nuts. 

The  small  yellow  flowers  of  the  j)eanut  are  l>orne  in  the  little 
pocket  where  the  leaves  are  attached  to  the  stems,  and  as  soon  as 
pollination  has  taken  place  the  visible  portion  of  the  flower  fades 
and  falls,  after  which  the  short,  thick  stem  that  supports  the  lower 
portion  of  the  flower  elongates  and  the  sharp-pointed  ovary  is  thrust 
downward  into  the  soil,  where  the  pod  develops.  Should  the  ovary 
fail  to  reach  or  penetrate  the  soil  no  pod  \\i\\  }ye  formed. 

The  value  of  the  commercial  peanut  crop  of  the  United  States  for 
the  year  1908  was  estimated  at  $12,000,000.     During  recent  years 
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6  THE  PEANUT. 

the  area  of  production  of  peanuts  has  greatly  increased,  especially 
throughout  the  warmer  parts  of  the  country.  The  value  of  the  pea- 
nut, both  as  a  money  crop  and  for  feeding  on  the  farm,  renders  it 
especially  desirable  as  a  part  of  the  rotation  wherever  conditions 
suitable  to  its  development  exist. 

Most  persons  think  of  the  peanut  as  it  appears  for  sale  at  the  news 
and  fruit  stands,  but  during  recent  years  many  new  lines  of  con- 
sumption have  been  found.  In  addition  to  the  great  quantity  of  pea- 
nuts sold  in  the  shell  each  year,  thousands  of  bushels  are  shelled  for 
use  in  the  manufacture  of  confections  and  food  products. 

It  is  the  purpose  of  this  bulletin  to  give  full  cultural  directions 
for  growing  this  crop,  together  with  some  of  the  uses  of  the  peanut. 
The  peanut  is  well  adapted  for  use  as  a  part  of  the  cropping  system 
in  the  Southern  States,  especially  on  the  cotton  and  tobacco  lands. 
Soils  that  will  not  produce  more  than  one-fourth  of  a  bale  of  cotton 
to  the  acre  can  be  made  to  3^ield  a  fair  crop  of  peanuts  at  a  very 
low  cost  for  growing.  Comparatively  few  persons  realize  the  value 
of  peanuts  when  used  as  a  farm  crop,  especially  when  the  product  is 
fed  to  live  stock  on  the  farm  and  eventually  returned  to  the  soil  in 
the  form  of  manure. 

SOIL  AND  CLIMATIC  REQUIREMENTS  OF  THE  PEANUT. 

The  soil  best  suited  to  the  peanut  is  one  of  a  sandy,  loamy  nature, 
preferably  light  or  grayish  in  color  rather  than  dark.  wSoils  that  are 
dark  and  those  carrying  a  considerable  percentage  of  iron  or  other 
mineral  are  likely  to  stain  the  shells  of  the  peanuts,  thus  rendering 
them  less  desirable  for  the  trade.  For  use  on  the  farm,  however, 
the  staining  of  the  shells  is  of  little  consequence,  as  it  does  not 
materially  injure  them  for  stock  feeding.  In  fact,  soils  that  contain 
considerable  clay  and  lime  or  are  loamy  in  character  produce  heavier 
nuts  and  sometimes  greater  yields  than  do  lighter  soils.  As  a  rule 
the  peanut  does  best  on  a  sandy  loam  with  a  well-drained  clay  subsoil, 
but  the  crop  may  be  grown  under  a  wide  range  of  soil  conditions. 
Soils  that  become  hard  or  compact  are  not  adapted  to  peanut  grow- 
ing, owing  to  the  inability  of  the  pod  stems  or  ^^pegs"  to  penetrate 
the  surface. 

Soils  that  are  poorly  drained  or  sour  are  not  suited  to  the  peanut. 
The  ideal  soil  consists  of  a  sandy  loam  containing  a  reasonable 
amount  of  humus,  or  vegetable  matter,  together  with  an  abundance 
of  lime.  A  soil  having  a  suitable  mechanical  consistency  is  the  first 
essential.  Soils  lacking  in  fertility  can  be  improved  by  a  proper 
cropping  system  or  by  the  judicious  use  of  manures. 

The  cultivation  of  the  peanut  for  commercial  purposes  has  until 
recently  been  confined  chiefly  to   areas  in  Virginia,  Tennessee,  the 
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Carolinas.  mid  (  umm-^iu.  1  >urin;4  reciMii  \  cars  liw  iiKiusirv  iias  lu'coine 
i\stal)Iish(»(l  tlirouj^Iiout  tlie  vSoutli  Atlantic  States  and  westward  to 
and  includinjj;  California.  The  territory  indicat<»d  by  the  dark  |)or- 
tion  of  tho  map  shown  as  fij;uro  1  is  for  the  most  part  adapted  to  the 
production  of  j)canuts  for  consumption  on  the  farm  ;  over  a  lar^<»  part 
of  this  section  a  jrood  grade  of  marketable  nuts  can  be  grown.  This 
area,  it  will  be  observed,  is  one  within  which  the  frost-free  season  is 
comparatively  long,  and  much  of  tiie  territory  has  a  soil  containing 
a  large  i)ercentage  of  sand  or  alluvial  matter,  making  it  easily  culti- 
vated and  well  adapted  to  the  peculiar  habits  of  the  peanut  j)lant. 
There  are  undoubtedly  many  sections  outside  of  the  area  indicated 
on  the  map  (fig.  1)  that  can  be  profitably  devoted  to  the  production 


Fig.  I.— Map  of  the  United  States,  showing  the  area  adapted  to  the  pro<iuotion  of  ix'jiniit-s. 

of  peanuts  for  stock  food,  and  a  few  regions  wiiere  they  can  be  grown 
commercially. 

The  climatic  requirements  of  the  peanut  are  a  long  season  without 
frost,  a  comparatively  light  rainfall  during  the  growing  period, 
abundant  sunshine,  and  a  high  temperature.  The  peanut  is  slightly 
more  susceptible  to  injury  from  frost  than  the  common  bunch  bean 
and  requires  a  somewhat  longer  season  for  its  development.  The 
Spanish  peanut  will  mature  in  ninety  days  under  the  most  favorable 
conditions,  but  one  hundred  and  ten  to  one  hundred  and  twenty  days 
should  be  allowed.  The  large-podded  varieties  require  a  longer 
period  for  best  results. 
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PREPARATION  OF  THE  SOIL. 

Time  for  plowing. — The  time  for  plowing  the  land  to  be  planted  to 
peanuts  will  depend  somewhat  upon  its  previous  treatment.  If  the 
land  has  been  in  corn  the  previous  season,  and  a  soil-building  crop 
planted  in  the  corn,  the  plowing  can  be  done  during  the  winter 
or  early  in  the  spring  after  the  cover  crop  has  made  considerable 
growth.  Where  the  corn  has  been  husked  from  the  stalk  and  the 
stalks  allowed  to  remain  upon  the  ground,  these,  together  with 
weeds  and  remains  of  the  crop  planted  in  the  corn  as  a  soil  improver, 
should  be  dragged  down  and  afterwards  turned  under  with  a  disk 
plow.  Any  trash,  such  as  corn  or  cotton  stubble,  remaining  on  the 
land  will  prove  a  menace  to  the  cultivation  of  the  peanut  crop  and 
it  is  essential  that  all  such  materials  should  be  turned  under  in  ample 

time  to  decay  before 
planting  the  land  to 
peanuts.  If  the  land 
is  in  sod  it  will  be 
desirable  to  break  it 
during  autumn  or 
winter.  If  there  is 
no  crop  on  the  land 
the  plowing  need 
only  be  done  in  time 
for  planting  or  a 
short  time  before 
planting,  in  order  to 
allow  the  soil  to 
settle. 

Depth  of  plowing.  — 
The  depth  of  plow- 
ing    will     depend 

Fig.  2.— Disk  plow  adapted  for  fitting  land  for  growing  peanuts.  SOmewhat  UDOn   the 

character  and  depth  of  the  surface  soil.  On  sandy  soils  that  are 
underlain  by  a  clay  subsoil  it  would  be  unwise  to  bring  a  very 
great  quantity  of  the  subsoil  to  the  surface.  If  the  surface  soil  is 
not  of  sufficient  depth,  it  should  be  increased  by  plowing  a  very 
little  deeper  each  year  until  a  sufficient  depth  is  reached.  As  a 
general  rule  the  depth  of  plowing  for  peanuts  should  be  equal  to  that 
for  corn  in  the  same  locality.  From  5  to  7  inches  of  loose  soil  will  be 
sufficient  for  the  growing  of  all  varieties  of  peanuts.  Subsoiling  may 
prove  beneficial  on  soils  having  insufficient  drainage. 

Preparation  for  planting. — When  the  land  is  plowed  but  a  short  time 
before  planting  it  should  be  harrowed  within  a  few  hours   after 
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plowinp:,  in  order  to  proven t  loss  of  nioistiire.  On  loose,  sandy  soils 
that  are  reasonably  free  from  weeds  or  grass  it  is  often  possible  to 
dispense  with  the  regular  plowing  and  cut  the  land  with  a  disk 
harrow  or  disk  plow.  A  tool  that  is  especially  adapted  for  this  pur- 
pose is  shown  in  figure  2.  This  inipleinent  both  cuts  and  turns  the 
soil,  leaving  it  in  fine  condition,  so  that  it  is  readily  prepared  for 
planting. 

Where  plowing  is  necessary  in  order  to  turn  under  sod,  do,* .,  o. 
weeds  a  tool  of  the  type  shown  in  figure  3  is  desira])le  for  smoothing 
and  pulverizing  the  soil  afterwards.  This  harrow  is  superior  to  the 
ordinary  smoothing  harrow  in  that  it  turns,  crushes,  and  levels  the 
soil  in  one  operation.  By  means  of  a  lever  the  cutting  blades  can  be 
set  to  any  depth,  and  the  weight  of  a  boy  or  light  nian  upon  the  seat 
is  sufficient  to  secure  good  work.  If  the  soil  is  very  loose  it  may  be 
necessar}'  to  roll  or  drag  thoroughly  before  planting. 
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Fig.  3.— Harrow  adapted  for  smoothing  and  pulveriring  land. 

Under  ordinary  circumstances  level  culture  should  be  practiced, 
but  where  the  drainage  is  poor  it  may  be  advisable  to  throw  up  slight 
ridges  upon  which  to  plant  peanuts;  this  is  especially  desirable  dur- 
ing a  season  of  excessive  rainfall.  When  ready  for  planting,  the  soil 
should  be  in  the  same  general  condition  as  that  prepared  for  a  crop  of 
snap  or  bunch  beans.  Thorough  preparation  of  the  soil  is  profitable 
for  all  crops,  and  especially  for  peanuts.  If  the  soil  can  be  har- 
rowed once  a  week  for  three  or  four  weeks  before  planting,  most  of 
the  weeds  that  would  otherwise  injure  the  crop  will  be  destroyed. 

FERTILIZERS  AND  PREPARATORY  CROPS. 

Cropping  system  and  green  manures. — Peanuts  should  be  grown  in 
rotation  with  other  crops  rather  than  as^  specialty.     The  cropping 
system  will  depend  somewhat  upon  the  area  of  other  crops  grown, 
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but  the  arrangement  should  be  such  that  the  land  will  be  planted  to 
peanuts  one  year  in  each  three  or  four.  A  good  rotation  is  corn 
or  cotton  the  first  year  with  cowpeas,  crinason  clover,  or  bur  clover 
planted  between  the  rows  at  the  time  of  the  last  cultivation;  the 
next  season  plow  under  the  cover  crop  and  plant  the  land  to  peanuts; 
as  soon  as  the  peanuts  are  harvested  sow  the  land  with  rye  and  use 
as  a  winter  pasture;  plow  under  the  rye  during  the  springtime  and 
plant  cowpeas,  using  the  peas  as  a  hog  pasture  during  the  autumn; 
then  return  to  corn  or  cotton  the  following  year.  In  order  to  get 
the  greatest  benefit  from  a  crop  of  crimson  or  bur  clover  it  should 
remain  on  the  land  in  the  spring  until  a  heavy  growth  has  been  made. 
It  is  not  desirable  to  plant  peanuts  immediately  after  turning  under 
a  heavy  growth  of  clover,  and  planting  should  be  deferred  until  the 
land  has  had  sufficient  time  to  settle  and  the  green  manure  to  decay 
partially,  or  a  rotation  should  be  followed  in  which  the  peanuts  do 
not  come  upon  the  land  until  the  following  year. 

In  the  Gulf  Coast  States  the  rotation  may  consist  of  corn  and 
cowpeas,  followed  by  winter  oats.  The  oats  will  ripen  in  June  or 
early  in  July,  in  time  to  grow  a  crop  of  Spanish  peanuts.  The  next 
season,  plant  cotton  and  sow  crimson  or  bur  clover  at  the  time  of 
the  final  cultivation.  The  following  spring,  the  clover  may  be  turned 
under,  the  land  planted  to  corn,  and  the  rotation  repeated. 

Another  plan  would  be  to  devote  the  land  one  year  to  sweet  pota- 
toes or  to  a  crop  of  early  Irish  potatoes  followed  by  cowpeas.  In 
this  rotation  stable  manure  should  be  applied  to  the  crop  of  corn  or 
cotton,  and  the  commercial  fertilizers  with  the  peanut  and  potato 
crops.  Peanuts  should,  if  possible,  follow  some  well-cultivated  crop 
which  has  been  kept  free  from  weeds. 

The  use  of  stable  manure. — Stable  or  barnyard  manure  should  not 
be  used  as  a  fertilizer  the  same  year  that  the  land  is  planted  to 
peanuts,  owing  to  the  great  number  of  weed  seed  that  are  contained 
in  the  manure.  The  use  of  manure  also  has  a  tendency  to  cause  the 
plants  to  produce  abnormal  tops  and  a  large  percentage  of  poorly 
filled  pods,  known  to  the  trade  as  ''saps"  or  ''pops."  The  proper 
time  for  applying  stable  manure  is  with  the  crop  grown  the  previous 
season,  thus  giving  it  time  to  become  incorporated  with  the  soil  and 
reduced  to  the  proper  condition  for  the  peanut  crop. 

Commercial  fertilizers. — The  peanut  responds  to  the  use  of  commer- 
cial fertilizers.  However,  a  reasonable  amount  of  humus  in  the 
soil  is  essential.  If  properly  handled,  the  peanut  crop  is  not  ex- 
haustive of  soil  fertility;  in  fact,  the  plant  is  a  great  nitrogen  gath- 
erer, as  may  be  observed  by  the  large  number  of  nodules  upon  the 
roots.  On  the  other  hand,  if  the  entire  plant,  including  the  root,  is 
removed  and  no  part  returned  to  the  soil  the  peanut  becomes  almost 
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as  exlmustivo  of  soil  fortility  as  corn.  By  foodinp  the  straw  and 
otlior  refuse  from  the  crop  to  cattle,  hojjs,  ami  work  animals  and 
applyiiijx  the  manure  thus  obtained  to  the  land  the  fertility  may  l>e 
retained  or  even  increased. 

The  nitrop:en-<rfttherin^  bacteria  are  usually  present  lii  u.Mm.iain ,-, 
even  where  the  crop  is  planted  for  the  first  time,  but  should  the 
nodules  not  be  abundant  artificial  inoculation  would  prove  an 
advantajje. 

On  soils  that  are  adapted  to  the  production  of  peanuts  it  will  not 
be  necessary  to  employ  commercial  fertilizers  in  large  quantities. 
The  alluvial  and  overflow  lands  found  alonj?  the  rivers  of  the  South- 
west seem  to  be  well  supplied  with  all  the  elements  necessary  for  the 
prodiu'tion  of  peanuts.  On  the  sandy  hill  lands  of  this  rej^ion  it  will 
be  necessary  to  add  fertilizers  and  lime  in  varyin^]?  quantities. 

A  commercial  fertilizer  adapted  to  the  production  of  potatoes  is 
AS  a  rule  suited  for  the  growing  of  peanuts.  A  mixture  which  con- 
tains from  2  to  3  per  cent  of  available  nitrogen,  5  to  7  per  cent  of 
available  phosphoric  acid,  and  6  to  10  per  cent  of  potash  is  desirable; 
this  should  be  applied  at  the  rate  of  from  200  to  SOO  pounds  to  the 
acre,  according  to  the  needs  of  the  land.  Most  growers  follow  the 
practice  of  scattering  the  fertilizer  in  a  narrow  strip  where  the  row 
is  to  be  planted,  often  using  a  one-horse  fertilizer  distributer  for  the 
purpose.  It  is  important  that  the  fertilizer  be  thoroughly  mixed 
with  the  soil. 

Importance  of  lime  in  the  soil. — In  order  to  insure  the  proper  filling 
and  ripening  of  the  potls,  peanuts  require  an  abundance  of  lime  in 
the  soil.  Wliere  the  soil  is  of  a  calcareous  nature,  containing  lime- 
stone, shells,  or  lime  in  its  more  active  form,  it  may  not  be  necessary 
to  make  a  regular  application,  but  on  soils  that  are  deficient  in  lime 
or  inclined  to  be  in  the  least  sour,  from  600  to  1,000  pounds  of 
fresh-burned  lime  should  be  applied  to  an  acre  every  four  or  five 
years.  The  presence  on  the  land  of  certain  weeds,  such  as  the 
common  sorrel  and  the  sedges  (which  have  three-cornered  stems), 
indicates  sourness  and  insufficient  drainage;  to  correct  this  an  appli- 
cation of  lime  will  be  necessary  in  addition  to  ditching  or  tile  draining. 
The  lime  should  not  be  put  on  at  the  same  time  as  the  commercial 
fertilizers,  but  rather  during  the  previous  autumn,  or  at  the  time  of 
plowing  the  land. 

Where  deposits  of  marl  are  found  this  may  be  used  as  a  substitute 
for  lime.  In  Virginia  the  marl  is  hauled  and  scattered  broadcast 
upon  the  land  during  the  winter  months. 

Wood  ashes  are  desirable  as  a  fertilizer  for  peanuts,  as  they  contain 
both  potash  and  lime.  Unleached  wood  ashes  may  be  applied  broad- 
cast at  the  rate  of  1,000  to  1,200  pounds,  2"  ♦"  "'»  ))usheLs,  to  the 
acre. 
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Lime  should  be  used  on  land  that  is  to  be  planted  to  peanuts, 
unless  it  is  definitely  known  thut  there  is  an  abundance  of  it  alread}^ 
present.  In  the  river  valleys  of  the  boll-weevil  district  there  appears 
to  be  an  abundance  of  lime  present  in  the  soil. 

The  peanut  as  a  nitrogen  gatherer. — The  peanut  plant,  in  common 
with  other  leguminous  plants,  has  the  power  of  collecting  the  free 
nitrogen  of  the  atmosphere  and  storing  it  in  little  nodules  upon  its 
roots.  For  this  reason  the  peanut  is  one  of  the  more  desirable  of 
our  soil-renovating  and  soil-improving  plants.  It  should  be  borne 
in  mind,  however,  that  in  order  to  beneffit  the  soil  the  nitrogen  so 
gathered  should  not  be  removed,  but  that  the  main  ])ortion  of  the 
roots  should  be  left  in  the  soil.  Figure  4  show^s  the  root  of  a  peanut 
plant  which  is. abundantly  covered  with  the  nitrogen-storing  nodules. 

THE  SEED  AND  ITS  SELECTION. 

Importance  of  planting  good  seed. — A  good  grade  of  seed  is  just  as 
important  wdth  the  peanut  as  with  corn,  wheat,  or  any  other  crop. 
There  is  perhaps  no  other  farm  crop  except  corn  that  is  so  greatly 
influenced  by  the  character  of  seed  planted  as  the  peanut.  The  very 
best  peanuts  of  the  previous  season's  crop  should  be  selected  for  seed, 
and  of  these  only  the  most  mature  and  perfect  peas  should  be  used. 
Seed  should  be  saved  only  from  well-ripened  and  mature  plants  and 
should  be  properly  cured  and  kept  dry  during  the  winter  months. 
Good  seed  produces  a  more  even  stand  of  plants,  which  in  itself 
returns  a  greater  yield. 

Improvement  by  selection. — The  seed  should  not  only  be  selected 
from  plants  that  are  mature,  but  from  those  producing  a  large  num- 
ber of  mature  pods  as  well.  By  doubling  the  number  of  w^ell-filled 
pods  on  each  plant  the  yield  for  each  acre  will  also  be  doubled. 
Many  millions  of  bushels  have  been  added  to  the  corn  crop  of  the 
country  simply  through  the  selection  and  improvement  of  seed. 

What  has  been  done  with  corn  is  possible  with  the  peanut,  and 
w^here  we  now  have  an  average  yield  of  34  bushels  to  the  acre  it  is 
reasonable  to  expect  this  to  be  increased  to  50  or  60  bushels  through 
seed  and  cultural  improvements. 

Planting  shelled  or  whole  seed.^-In  planting  the  large-pod  varieties 
it  is  desirable  for  several  reasons  that  the  seed  be  shelled.  In  the 
first  place,  the  planting  machines  now  in  general  use  are  adapted  to 
handling  the  shelled  seed  only.  Second,  when  planting  w^hole  pods 
there  is  always  a  doubt  regarding  their  being  well  filled,  and  a  poor 
stand  may  result.  Third,  pods  containing  two  or  more  seeds  will 
produce  more  than  one  plant  in  a  hill,  causing  a  waste  of  seed  and  a 
crowding  together  of  the  plants.  Fourth,  whole  seed  is  slower  in 
germinating  than  shelled  seed.     With  the  Spanish  variety  the  case 
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Fig.  4.— Roots  of  peanut  vine,  showing  tlie  value  of  this  plant  as  a  nitrogen  galiierer.    The  nodules  on  the 
roots  are  formed  by  the  bacteria  which  collect  the  nitrogen. 
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is  quite  different,  as  the  pods  are  invariably  filled,  the  crowding 
together  of  the  plants  is  no  great  disadvantage,  and  the  few  days 
extra  time  required  for  germination  is  of  little  consequence. 

Virginia  nuts  intended  for  seed  should  always  be  shelled  by  hand, 
but  the  Spanish  are  sometimes  shelled  by  machinery,  although  their 
germination  is  invariably  injured  when  so  handled.  Many  growers 
of  the  Spanish  peanut  practice  soaking  the  unshelled  nuts  in  water 
previous  to  planting.  Soaking  for  a  few  hours  will  hasten  germi- 
nation, but  if  for  any  reason  the  seed  can  not  be  planted  immediately 
it  will  be  lost.     Shelled  seed  should  never  be  soaked  before  planting. 


Fig.  5.— Machine  for  marking  land  and  sowing  fertilizer. 


TIME  AND  METHODS  OF  PLANTING. 

Time  of  planting. — The  time  for  planting  peanuts  is  in  the  spring 
after  the  soil  has  become  thoroughly  warm.  In  order  to  secure  a 
good  stand,  the  seed  should  not  be  put  in  the  ground  until  there  is 
sufficient  warmth  to  germinate  it  quickly.  As  a  rule  peanuts  should 
be  planted  a  trifle  later  than  corn  and  beans.  The  Spanish  variety 
may  be  planted  somewhat  later  than  the  Virginia  type,  as  it  requires 
less  time  to  complete  its  growth. 

As  previously  mentioned,  the  Spanish  and  similar  varieties  may 
in  certain  localities  be  planted  after  oats — that  is,  from  the  middle 

431 


TUB  PKANUT. 


16 


of  Juno  to  tho  10th  of  July.     The  Virjjiiiias  or  large  sorts  should, 
if  possihlo,  1)0  plantoil  before  May  20  for  tho  host  results. 

Distance  to  plant. — A  coinnion  distance  ])etween  rows  is  36  inches, 
but  tins  varies  .somewhat  aecortlinf^  to  the  soil  and  variety.  For  the 
Virjrina  Kunner  variety  on  jjood  soil  tho  distance  between  rows 
should  be  at  least  IK)  inches,  and  1()  inches  between  the  plants  in  the 
rows.  Vir«i:inia  Bunch  peanuts  may  be  in  rows  jus  close  tojjether  as 
:^0  inches,  and  9  to  1 2  inches  apart  in  the  rows.  The  Spanish  and  Ten- 
nessee Hod  varieties  are  j)lanted  in  rows  from  28  to  30  inches  apart 
and  9  to  12  inches  apart  in  tho  rows,  accord injij  to  tho  fertility  of  the 
soil.  On  rich  .soils,  where  tho  spread  of  vine  will  be  p:reat,  tho  maxi- 
mum distance  between  rows  jis  well  jus  between  plants  in  the  row 
shouhl  bo  allowed. 


P'IG.  ().     One-horse  peanut  planter. 

Quantity  of  seed  required.— The  quantity  of  seed  peanuts  required  to 
plant  an  acre  will  depend  somewhat  upon  the  distances  of  planting. 

As  a  nde  1  \  pecks  of  shelled  Virginia  peas  will  plant  an  acre. 
One  peck  of  shelled  Spanish  peanuts,  or  1  J  bushels  in  the  pods,  are 
requiretl  for  an  acre.  The  greater  the  care  exercised  in  planting, 
the  smaller  will  be  the  waste  of  seed,  and  economy  is  quite  an  object 
when  planting  specially  selected  or  high-priced  seed.  By  planting 
the  Spanish  variety  in  the  pod  two  seeds  will  be  placed  together  in  a 
hill,  but  there  can  be  no  very  great  objection  to  this,  as  the  two  plants 
will  generally  give  a  l)etter  yield  than  where  the  plants  grow  singly. 

Depth  to  cover  the  seed. — The  depth  to  which  the  seed  should  be 
covered  will  depend  somewhat  upon  the  character  of  the  soil.  On 
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heavy  soils  three-fourths  inch  to  1  ^  inches  will  be  sufficient,  while  on 
light  sandy  soils  IJ  to  2  inches  may  not  be  too  deep. 

Tools  and  methods  of  planting. — Peanuts  are  generally  planted  in 
rows  that  are  cultivated  in  one  direction  only.  Some  growers  follow 
the  practice  of  first  marking  the  land  with  an  implement  similar  to 
the  ordinary  corn  marker.  Others  open  a  furrow  with  a  one-horse 
plow,  then  after  the  fertilizer  has  been  distributed  in  the  furrow 
the  plow  is  again  used  and  a  slight  ridge  thrown  up.  There  is  now 
on  the  market  a  tool  of  the  type  shown  in  figure  5,  which  sows  the 
fertilizer,  throws  up  a  slight  ridge,  and  at  the  same  time  indicates  the 
position  of  the  next  row. 

The  greater  portion  of  the  peanut  crop  is  planted  with  the  one- 
horse  planters  of  the  type  shown  in  figure  6.  These  machines  are 
similar  in  many  respects  to  a  cotton  planter  and  cost  about  $15  in 
most  localities. 

Where  the  Spanish  and  similar  varieties  are  planted  in  the  shell  the 
usual  method  is  to  open  a  small  furrow,  drop  the  seed  by  hand,  then 
cover  it  by  means  of  a  small  harrow  or  cultivator  with  a  notched 
board  fastened  across  the  back  of  the  implement.  Doubtless,  satis- 
factory machines  for  planting  in  the  shell  will  shortly  be  upon  the 
market. 

GENERAL  CULTIVATION. 

Method  of  cultivation. — Cultivation  of  the  peanut  crop  should  begin 
immediately  after  planting  and  continue  until  the  vines  occupy  the 
ground.  The  work  of  cultivation  should  be  pursued  very  much  the 
same  as  for  corn,  beans,  and  all  similar  crops.  Frequent  shallow  culti- 
vation that  will  keep  the  soil  loose  and  prevent  the  loss  of  moisture 
is  essential.  Shortly  after  rains  the  surface  soil  should  be  stirred 
and  during  dry  weather  a  dust  mulch  maintained.  During  the 
later  cultivations  it  will  be  desirable  to  w^ork  the  soil  toward  the 
rows  to  provide  a  bed  of  loose  earth  in  which  the  pods  may  form. 

After  the  peanuts  begin  to  ''peg,"  or  form  pods,  they  should  not 
be  disturbed  or  given  further  cultivation.  The  old  idea  that  the 
blossoms  of  the  peanut  must  be  covered  is  erroneous,  although  growers 
frequently  allow  considerable  soil  to  be  thrown  over  the  vines  during 
the  final  cultivation.  For  the  last  cultivation  it  is  a  common  practice 
to  employ  a  tool  that  will  both  throw  the  soil  toward  the  rows  and 
leave  a  furrow  in  the  middle  of  the  alley  to  carry  off  water  during 
heavy  rains. 

Common  crab-grass  is  one  of  the  most  troublesome  weeds  of  the 
peanut  fields,  and  it  is  often  necessary  to  resort  to  hand  hoeing  in 
order  to  keep  this  and  other  weeds  out  of  the  rows.  If  the  crop  is 
kept  w^ell  worked  with  horse  tools,  very  little  hand  labor  will  be 
required. 
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Tools  adapted  to  caltivating^  peanuts. — Most   implement      ....    ..:; 

a(Ia|)te(l  to  the  cultivation  of  corn  or  cotton  will  be  found  suitable  for 
liandlinti:  the  |)oanut  croj).  For  tlie  first  two  or  throe  cultivations  a 
one-iiorse  woeder  of  special  type  ma}'  be  used  crosswise  of  the  rows. 
After  the  plants  are  tall  enough  so  the  rows  can  be  followed,  a  spring- 
tooth  ridinj;  cultivator  is  (icsiral)lc,  while  for  the  later  workinj^s  the 
same  implement  can  l)e  used  by  changinj^  the  spring  teeth  for  regular 
cultivator  shovels.  For  one-horse  cultivation  the  ordinary  cotton 
sweep  is  frecjuently  used,  but  tlie  form  of  cultivator  shown  in  figure 
7  will  do  more  efficient  work.  Tliis  Lmplement  is  provided  with 
several  styles  of  narrow  and  broad  shovels,  sweeps,  and  hillers,  mak- 
ing it  possible  to  adapt  it  to  the  requirements  of  a  wide  range  of 
contlitions. 

Some  growers  fol- 
low the  practice  of 
running  a  light  roller 
over  the  plants  after 
the  final  cultivation, 
the  object  being  to 
flatten  the  stems 
upon  the  ground  in 
order  that  the  little 
pods  forming  on  the 
extremities  of  the 
stems  may  reach  the 
soil.  This  practice 
may  increase  the  yield,  but  it  will  also  increase  tlie  percentage  of 
**saps,''  or  unfilled  pods,  and  it  is  doubtful  if  nnytliiiiL''  is  iraiiu'd  by 
the  practi( «  . 

HARVESTING. 

Proper  time  for  digging  the  crop. — No  fixed  rule  can  be  given  b}' 
which  to  determine  when  to  remove  the  peanut  crop  from  the  ground, 
and  each  grower  must  be  his  own  judge  in  the  matter.  In  general 
practice  the  growers  aim  to  dig  before  the  first  frosts,  in  order  that 
the  peanut  vines  may  have  greater  value  for  stock  food.  To  the 
southward,  where  frosts  do  not  appear  until  quite  late,  the  vines 
assume  a  yellowish  appearance  during  the  latter  part  of  the  season, 
which  indicates  the  ripening  of  the  peas.  If  digging  is  deferred  too 
long,  the  first-formed  peas  are  likely  to  burst  their  shells  and  start 
growing;  this  is  especially  true  if  there  is  a  period  of  rainy  weather 
late  in  the  season.  The  aim  should  be  to  dig  at  the  time  the  vines 
have  upon  them  the  greatest  number  of  mature  peas.  Where  a  large 
acreage  is  grown  it  will  be  necessary  to  begin  harvesting  as  soon  as 
73872°— Bull.  431—11 3 
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Fig.  7.— One-horse  cultivator. 
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the  earliest  peas  are  ready,  in  order  to  complete  the  work  before 
unfavorable  weather  sets  in. 

Methods  employed  for  lifting  the  plants. — Under  ordinary  circum- 
stances the  peanut  vines  are  plowed  from  the  ground  with  a  one-horse 
turning  plow  and  afterwards  separated  from  the  soil  by  hand.  Many 
growers  employ  either  a  two-horse  plow  similar  to  that  frequently 
used  for  digging  potatoes  or  a  turning  plow  with  the  mold-board 
removed  to  prevent  a  furrow  being  turned.  A  digger  of  this  type  is 
shown  in  figure  8.  Behind  the  digger  or  plow  a  gang  of  workmen 
shake  the  vines  and  peas  free  from  the  soil  and  throw  them  in  small 
bunches.  In  this  manner  a  team  and  driver  accompanied  by  eight 
or  ten  hands  will  dig  from  5  to  7  acres  a  day  at  a  cost  of  about  $2.50 
an  acre. 

It  has  been  found  by  experiment  that  the  regular  machine  potato 
digger  drawn  by  two  or  three  horses  driven  by  one  man  will  dig  from 
8  to  12  acres  a  day  and  do  the  work  in  a  much  cleaner  and  better 
manner  than  the  old  plow  and  hand  method.     This  machine  not  only 

removes  the  peanuts 
from  the  ground  in 
a  more  perfect  man- 
ner but  also  shakes 
off    the    soil,    leav- 


ing the  vines  lying 
loosely  upon  the  sur- 
face of  the  ground. 
By  the  hand  method 

.    Fig,  8.— Plow  type  of  peanut  digger.  „  ,      , 

a  lew  pods  become 
detached  from  the  vines,  while  with  the  machine  potato  digger 
scarcely  a  pod  is  lost.  A  machine  of  this  character  in  operation  is 
shown  in  figure  9.  Another  machine  slightly  different  in  design  is 
shown  in  figure  10. 

The  cost  of  a  machine  potato  digger  is  about  $75,  but  with  proper 
care  it  should  last  many  years.  Almost  any  of  the  machine  potato 
diggers  may  be  used  for  digging  peanuts,  but  where  the  vines  of  the 
''runner"  peas  are  exceptionally  heavy  there  may  be  some  difficulty 
in  getting  the  vines  through  the  machine.  This  difficulty  may  be 
overcome  by  providing  disks  or  cutters  to  cut  away  the  ends  of  the 
vines  in  front  of  the  machine. 

Special  machines  are  now  being  offered  which  are  intended  to 
dig,  clean,  and  bunch  the  peanuts.  By  setting  any  of  these  machines 
to  the  proper  depth  it  is  possible  to  sever  the  main  root  of  the  peanut 
just  below  where  the  pods  are  formed  and  thus  leave  considerable 
of  the  accumulated  nitrogen  in  the  soil.  It  is  estimated  that  the 
nitrogen  left  in  the  soil  by  this  system  has  a  fertilizing  value  of  from 
$3  to  $8  an  acre. 
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Several  local  devices  have  been  constructed,  usually  u|>on  the  plan 
of  an  ordinary  plow,  hut  havin*;  a  U-shapod  })lado  or  cutter  with  one 
odj^o  sharpened  antl  so  mounted  that  it  may  run  underneath  the 
peanut  plants.  It  is  desirable  to  use  a  double  team,  stratldlin^  the 
row,  so  that  the  dijrjrcr  will  run  at  a  uniform  depth.  Almost  any 
blacksmith  can  construct  a  tool  of  this  kind  and  it  should  not  cost 
more  than  $5  or  $6.  Any  device  that  will  sever  the  roots  of  the 
peanut  just  below  where  the  |)eas  are  formed  will  answer  the  puri)ose 
and  prove  better  adapted  to  the  work  than  the  plow.     Past  methods 


Fig.  9.— Machine  potato  digger  in  use  in  diggln|^  peanuts. 

as  practiced  in  Virginia,  where  the  peanuts  are  removed  by  means  of 
an  ordinary  plow,  taking  most  of  the  nitrogen  from  the  soil,  are 
largely  responsible  for  the  rapid  depletion  of  soil  fertility  in  those 
lands. 

Curing  process  and  care  of  crop  after  digging. — After  the  peanut 
vines  are  loosened  from  the  soil  they  are  allowed  to  lie  either  spread 
upon  the  ground  or  in  small  bunches  for  three  or  four  hours, 
and  are  then  placed  in  small  stacks  around  a  central  stake  to 
cure.  If  the  peas  are  allowed  to  lie  exposed  to  the  weather  for  any 
length  of  time  after  digging,  the  pods  become  discolored  and  lose 
in  weight. 

A  better  grade  of  peanut  hay  will  be  secured  if  the  vines  are  placed 
in  the  small  stacks  as  soon  as  the  leaves  and  stems  are  thoroughly 
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free  from  dew  or  other  surface  moisture.  Most  growers  follow  the 
practice  of  putting  the  peas  in  stacks  the  same  day  they  are  removed 
from  the  soil,  or  those  dug  during  the  morning  are  stacked  in  the 
afternoon  and  those  dug  later  in  the  day  are  stacked  the  following 
morning  as  soon  as  they  are  free  from  dew;  however,  any  dew  or 
rain  will  discolor  the  pods. 

The  essentials  in  caring  for  the  crop  during  the  curing  period  are 
that  the  peanuts  be  kept  in  small  stacks,  given  an  abundance  of 
air,  and  protected  from  both  the  weather  and  injury  from  animals. 
Owing  to  the  fleshy  nature  of  the  stems  they  cure  quite  slowly  and  are 
liable  to  mildew  if  placed  in  large  lots. 


Fig.  10.— Machine  potato  digger  adapted  for  harvesting  peanuts. 

The  supply  of  stakes  should  be  ready  in  advance  and  may  be  kept 
for  use  from  year  to  year.  These  stakes  should  consist  of  split  or 
round  poles  about  3  or  4  inches  in  diameter,  7  feet  in  length,  and 
sharpened  at  both  ends.  For  setting  the  stakes  in  the  ground  a 
pointed  bar  of  iron  or  a  crowbar  with  which  to  make  the  holes  is 
necessary.  The  stakes  should  be  set  in  the  ground  to  a  depth  of  12  to 
14  inches  and  well  tamped  to  make  them  firm  and  solid. 

Before  starting  the  stack  one  or  two  pieces  of  lath  about  18  inches 
in  length  are  nailed  at  right  angles  to  the  stake  8  inches  from  the 
ground,  in  order  to  prevent  the  peanuts  coming  in  direct  contact 
with  the  soil.  In  starting  to  build  the  stack  a  few  vines  are  laid 
across  the  pieces  of  lath  and  the  stack  then  built  up  by  successive 
layers  of  vines,  the  pods  being  kept  well  to  the  center  against  the 
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stake  and  the  tops  to  the  outside.  The  stems  should  have  sufficient 
outward  slope  to  shc<l  water.  Orctusionally  a  few  vinos  should  ho 
lunijr  around  the  stake  in  onier  to  tie  tlie  stack  together.  By  this 
method  the  pods  will  bo  near  the  center  and  around  the  stake,  where 
there  is  an  upward  circulation  of  air  and  «;enoral  |)rotection.  When 
the  stack  has  reached  the  desired  heij^ht,  a  bunch  of  vines  is  rolled 
together  and  pressed  down  over  the  point  of  the  stake  to  form  a  top, 
or  a  little  dry  jrrass  or  weeds  may  be  used  for  this  purpose. 

It  is  not  advisable  to  use  anything  for  topping  out  the  small  stacks 
that  will  prevent  the  circulation  of  air.  A  heavy  cover  or  a  covering 
of  green  or  wet  hay  will  invariably  cause  the  peanuts  to  spoil. 


Fio.  11.— Stakes  around  wliich  stacks  of  peanut  vines  are  to  be  built. 

The  majority  of  growers  follow  the  practice  of  placing  the  stacks 
singly  in  rows  in  the  field  where  the  crop  is  grown:  others  arrange 
them  in  groups  of  from  four  to  ten,  while  some  growers  haul  the 
crop  to  a  stacking  yard,  where  the  stacks  are  built  closely  together. 
Figure  1 1  shows  stakes  set  in  the  ground  and  crosspieces  nailed  on. 
Figure  12  shows  a  stack  during  construction,  as  w^ell  as  completed 
stacks  in  the  background.  Figure  13  shows  the  method  of  stacking 
closely  together. 

Storage  in  bams  is  not  advisable,  either  when  curing  peanuts  for 
market  or  where  the  entire  plant  is  fed  to  stock,  as  the  crop  may  be 
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handled  more  economically  and  a  better  grade  of  hay  produced  by 
putting  it  up  in  the  small  stacks.  After  the  peanuts  have  cured  in 
the  stacks  from  four  to  six  weeks,  those  intended  for  feeding  to  stock 
may  be  placed  in  barns. 

PICKING  AND  CLEANING. 

Time  of  picking. — Peanuts  for  market  should  be  cured  in  the  stack 
at  least  three  or  four  weeks  before  picking.  If  the  weather  is  dry  and 
windy  immediately  after  harvesting,  the  curing  process  will  be  quite 
rapid,  but  should  the  weather  conditions  be  unfavorable  during  this 
period  the  pods  will  ripen  more  slowly.     Too  rapid  curing  is  not  desir- 


FiG.  i:; 


-Laborer  building  a  stack  of  peanut  vines,  showing  method  used.    Completed  stacks  in 
background. 


able,  as  the  pods  are  likely  to  shrivel  and  discolor.  Peanuts  should  not 
be  picked  from  the  vines  until  the  pods  have  become  dry  and  the  peas 
firm  and  nutty,  with  the  immature  ones  more  or  less  shrunken.  As 
a  rule  very  little  is  to  be  gained  by  early  marketing,  and  a  better 
grade  of  peanuts  will  be  secured  if  picking  is  deferred  until  late 
autumn.  If  the  pods  are  not  well  protected  in  stacking,  many  will 
be  destroyed  by  the  common  crow.  In  some  sections  it  is  neces- 
sary to  pick  as  early  as  possible  to  prevent  heavy  loss  from  the 
ravages  of  field  mice  and  rats  while  the  peanuts  are  in  the  stack. 
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If  peanuts  are  not  well  stacked  the  pods  are  liable  to  becon.i   .... 
colored  by  the  heavy  fogs  and  driving  rains  of  lato  autumn.     The 
stacks  should  not  be  opened  nor  the  vines  handled  during  wet  weather. 

Picking  by  hand. — The  standard  of  excellence  in  the  peanut  markets 
is  always  based  upon  hand-picked  stock,  but  with  the  present 
scarcity  of  labor  and  raj)id  improvement  in  j)eanut-picking  machinery 
the  time  htiii  come  when  a  uniform  price  is  paid  for  m  civrn  nnnllfv 
of  peas  regardless  of  how  the  picking  is  done. 

Figure  14  shows  a  characteristic  group  of  pickers  at  work  in  a 
peanut  field  of  southern  Virginia.  Hand  picking  is  at  best  a  dusty 
and  laborious  task  and  is  usually  done  by  the  women  and  children. 


Fio.  i:{.-  rcaniit  stacks  pliuod  cIosp  toi'cthfr  near  f-irrnvard. 


Where  the  vines  are  well  set  witii  pods  a  goixl  picker  will  handle 
from  8  to  12  bushels  a  day.  The  price  paid  ])er  bushel  for  picking 
varies  from  8  to  20  cents,  according  to  the  quality  and  variety  of 
peanut,  but  10  cents  is  the' ruling  price  paid  for  picking  Virginias. 
In  some  localities  the  pickers  are  paid  by  the  hundred  pounds,  40 
cents  a  hundred  being  the  average  price  paid.  At  this  rate  the  cost 
of  picking  the  j)eanuts  grown  on  one  acre  will  vary  from  S4  to  S8. 

Use  of  machines  for  picking. — Two  types  of  machine  are  empIo3'ed 
for  picking  peanuts  from  the  vines.  A  cylinder  machine  similar 
to  a  regular  grain  separator  except  as  to  size  has  been  used  for 
several  years,  es}>eciall3'  in  the  districts  where  the  Spanish  variety 
is  extensively  grown.     The  principal  objection  to  all  the  C3'linder 
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machines  is  the  tendency  to  break  the  pods  and  both  shell  and  injure 
the  peas.  By  running  the  cylinder  quite  slowly,  say  at  400  revolutions 
a  minute,  and  feeding  properly  it  is  possible  to  thrash  peanuts  by 
using  a  cylinder  machine  with  a  a  ery  small  percentage  of  loss  from 
breakage.  Pods  that  are  merely  cracked  or  that  have  what  the  grow- 
ers term  '^oyster  mouths"  a\411  not  keep  for  a  long  period  but  become 
rancid  or  are  injured  by  small  insects  while  in  storage. 

There  are  machines  in  use  which  work  upon  an  entirely  different 
principle  from  the  cylinder  machines  and  which  do  not  break  or 
injure  the  pods.     In  these  machines  the  picking  is  done  by  dragging 
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Fig.  14.— Picking  peanuts  from  the  vines  by  hand. 

the  vines  over  a  horizontal  wire  mesh,  and  at  the  same  time  brushes 
act  on  the  lower  side  of  the  wire  screen  to  remove  the  nuts.  Very 
little  power  is  required  to  operate  these  machines,  two  complete  outfits 
being  run  at  once  by  an  8-horsepower  gasoline  engine.  The  capacity 
of  these  machines  is  from  250  to  500  bushels  a  day.  In  addition  to 
removing  the  pods  from  the  vines  the  machine  has  the  usual  cleaning 
arrangements  and  a  device  for  removing  the  small  stems  from  the 
pods,  delivering  them  in  a  condition  suitable  for  the  cleaning  factory. 
Figure  15  shows  one  of  these  machines  in  operation. 

Care  of  peanuts  after  picking. — At  no  time  after  the  curing  process 
should  the  peanut  pods  be  exposed  to  water,  or  even  dampness,  as 
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the  shells  invariably  become  darkened  and  discolored  by  the  addition 
of  moisture.  When  properly  cured  the  shells  will  be  covered  with  a 
fine,  dry  dust,  and  where  this  dust  becomes  moistened  it  adheres  and 
forms  a  brownish  spot.  If  the  peanuts  show  the  least  trace  of  damj)- 
ness  after  their  removal  from  the  vines,  they  should  be  spread  on  a 
floor  or  stored  in  a  well-ventilated  building  until  thorouj^hly  dry. 
Many  of  the  larjjjer  {^rowers  have  provided  narrow  cribs  similar  to 
those  employe<l  for  the  storajje  of  corn,  and  the  peanuts  are  kept 
in  bulk  until  sold.  When  the  ])ods  are  thoroughly  dry  they  nuiy  be 
put  into  bags  as  they  come  from  the  machine,  and  either  hauled 
direct  to  the  cleaning  factoiy  or  stored  in  small  lots. 

Preparation  of  peanuts  for  market. — As  the  peanuts  come  from  the 
hands  of  the  pickers  or  the  thrasher  they  contain  considerable  rub- 
bish and  have  more  or  less  soil  adhering  to  tlic  pods.     TIk^  extent 


Fig.  15.— An  improved  type  of  jx'anut-picking  machine  in  operation. 

to  which  the  pods  must  be  cleaned  and  graded  will  depend  upon  the 
use  to  wiiich  they  are  to  be  put;  if  for  vending  purposes  they  will 
require  a  factory  process,  but  if  for  shelled  nuts  very  little  work  will 
be  necessari^  to  prepare  them  for  the  sheller.  Under  the  j)resent 
status  and  extent  of  the  peanut  industry  the  cleaning  factor}'  has 
become  an  important  factor,  and  the  interests  of  the  grower  and 
cleaner  are  correlative  and  should  be  cooperative.  Where  Spanish 
])eanuts  are  gro\NTi  on  an  extensive  scale  it  may  be  feasible  for  the 
farmer  to  own  and  operate  a  small  shelling  and  cleaning  outfit.  In 
the  case  of  the  large-podded  varieties  several  grades  are  made  from 
()ne  class  of  stock,  requiring  an  extensive,  although  simple,  equij)ment 
and  the  handling  of  large  quantities  of  nuts  in  order  to  make  the 
enteri)riso  lur.fif mM<' 
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Methods  of  cleaning  peanuts  in  the  factory. — The  cleaning  or  factory 
process  consists  cliiefly  in  the  removal  of  all  dirt  and  the  separating 
of  the  nuts  into  their  respective  grades.  In  addition  to  grading, 
the  liigher  class  product  is  treated  to  a  polishing  process,  which  gives 
the  pods  a  more  attractive  appearance  wlien  exposed  for  sale.  The 
modern  peanut-cleaning  factory  consists  of  a  four  or  five  story  build- 
ing, which  is  supplied  wath  power,  lighted  by  electricity,  and  pro- 
vided with  elevators  and  bins  for  handling  and  storing  the  unclean 
nuts.  It  also  has  a  full  equipment  of  fans,  grading  machines,  polishing 
drums,  and  shellers,  and  an  abundance  of  lower-floor  space  for  the 
storage  of  the  bags  of  nuts  that  are  ready  for  marketing. 

\Mien  the  peanuts  are  received  from  the  farmer  at  the  factory  they 
are  weighed  and  then  elevated  to  the  top  floor  of  the  factory.  During 
the  cleaning  and  grading  process  they  descend  by  gravitation  through 
the  fans  and  graders,  are  tumbled  in  the  polishing  drums  together 
w^th  a  small  quantity  of  marble  dust  to  whiten  and  polish  the  pods, 
are  passed  on  slowly  moving  belts  between  lines  of  women  who  are 
expert  in  detecting  foreign  matter  and  inferior  nuts,  and  fmally  drop 
into  bags  on  the  lower  floor. 

In  the  modern  cleaning  factory  all  dust  and  refuse  is  removed  by 
means  of  fans  and  ventilators,  the  portions  of  sticks,  stems,  and 
broken  shells  being  conve3"ed  to  the  boiler  room  and  fed  into  the 
furnace.  One  advantage  of  a  factory  process  is  that  nothing  need 
be  wasted,  as  all  broken  or  split  peas  can  be  worked  into  the  stock 
used  in  the  manufacture  of  peanut  products. 

Cleaned  vines  as  stock  feed. — The  peanut  vine  or  straw  from  which 
the  nuts  have  been  removed  is  of  considerable  value  for  feeding  pur- 
poses, being  about  equal  to  clover  hay.  Wliere  the  peanuts  are 
picked  from  the  vines  by  hand  the  stems  become  broken  and  the 
greater  portion  of  the  leaves  is  lost,  but  where  machines  are  used 
for  picking  it  is  possible  to  save  the  straw  in  fairly  good  shape.  If 
the  vines  are  bright  and  clean  after  the  pods  have  been  removed 
they  can  either  be  sold  or  fed  to  farm  animals,  and  they  will  in  this 
way  partly  pay  for  the  cost  of  planting  and  cultivating  the  crop. 
Some  growers  employ  a  baling  press  and  bale  the  straw  as  it  comes 
from  the  thrasher  in  order  that  it  may  be  more  easily  stored  and  also 
be  available  for  marketing. 

VARIETIES   OF   PEANUTS. 

CLASSIFICATION  OF  TYPES. 

Not  more  than  five  or  six  distinct  varieties  of  the  peanut  are 
grown  in  the  United  States,  but  these  few  varieties  represent  at  least 
three  separate  types.  By  classifying  the  varieties  of  peanuts  accord- 
ing to  types  we   have  the  large-podded,  or  Jumbo,  peas  and  the 
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Fig.  1«>. — Loimnercial  types  of  pieaimts.     A,  \  irgmia  Hinuii,  or  \  irgiiun  uiininr.  n,  .\ 
Carolina;  C,  Spanish;  D,  Tennessee  Ke<i.    (About  one-halJ  natural  si/. 
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Spanish  and  African,  both  small-podded  peas.  These  types  are  sub- 
di^aded  into  bunch  and  runner  peas.  Figure  16  shows  pods  and  peas 
of  the  more  important  commercial  varieties. 

Those  varieties  having  a  bunch  habit  of  growth  are  most  generally 
growu,^owing  to  the  fact  that  they  may  be  planted  closer  together 
than  t^  runner  varieties.  The  bunch  varieties  are  also  more  easily 
cultiva&d  and  harvested  than  the  runner  varieties. 

DESCRIPTIONS  OF  VARIETIES. 

The  following  descriptions  of  the  more  common  varieties  of  the 
peanut  may  be  of  interest  to  those  not  already  familiar  with  them: 


Fig.  17.— Virginia  Bunch  type  of  peanut. 

Virginia  Bunch. — Large-podded  variety,  plant  rather  dwarf,  stems 
upright,  foliage  rather  light;  pods  clustered  about  the  base  of  plant; 
usually  two,  sometimes  three,  seeds  in  a  pod,  pod  bright  and  clean, 
color  of  peas  light  brown;  pods  adhere  well  to  plant  in  digging.  The 
customars^  weight  per  bushel  of  this  variety  is  22  pounds.  (Fig. 
17,  and  fig.  16,  A.) 

Virginia  Runner. — Large-podded  variety,  strong  grower,  stems 
creeping,  foliage  heavy;  pods  scattered  along  procumbent  stems;  pods 
and  peas  very  similar  to  those  of  the  Virginia  Bunch;  pods  do  not 
adhere  well  in  digging.  The  customary  weight  per  bushel  of  this 
variety  is  22  pounds. 
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Spanish. — Siiiall-p<Ml(lo(l  viirioty,  stroiipf  prower,  stems  upright, 
'foiia'Tc  nl)iin(lant  and  Ikmivv;  ])()<1s  rhistorcMl  about  hasc^  of  ]>lant; 
usually  two  scimIs  iu  a  pod,  cutircly  lilliiij^  the  ])«)<1;  color  of  jumus  lijjlit 
brown;  pods  atlhoro  well  to  plant  in  dij^jjjinj^.  Tins  variety  frequently 
yields  60  busbels  of  marketable  ]>eas  and  a  ton  of  hay  to  the  aere. 
The  j)eas  of  this  variety  two  rich  in  oil  content.  The  weight  j>er 
bushel  t)f  Si)anish  peanuts  is  .30  pounds.      (Fig.  18;  and  fig.  16,  C.) 

Tennessee  Red. — Small-podded  variety:  similar  to  Spanish,  except 
that  the  i)ods  are  longer,  sometimes  containini;  five  or  six  petis 
crowded  together;  peas  dull  red  in  color.  This  variety  is  well 
adapted  to  stock  feeding,  but  does  not  sell  upon  the  market  owinj:  to 
the  color  and  cpiality  of  the  peas.      (Fig.  16,  D.) 


Fiu.  18.— Spanish  type  ol  peanut. 

Valencia. — A  very  promising  new  variety  introduced  from  Spain. 
Similar  in  many  respects  to  the  Tennessee  Red,  but  of  much  better 
quality.  A  desirable  sort  for  the  manufacture  of  peanut  butt<?r, 
also  blanched  and  salt?d  peanuts.  A  heavy  j-ielder  and  matures  in 
about  120  days. 

African,  or  North  Carolina. — A  variety  that  is  much  grown  in  Africa 
for  oil  production.  A  very  rank  grower,  the  stems  spreading  over 
the  ground.  Foliage  dark  green  and  massive.  Pods  form  along  the 
stems  similar  to  the  Virginia  Runner.  The  pod  is  of  medium  size  and 
generally  contains  two  peas,  sometimes  three.     Rich  in  oil  and  of 
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excellent  flavor.     This  variety  requires  a  long  season  for  its  develop- 
ment and  should  be  planted  quite  early.     (Fig.  16,5.) 

VARIETIES  FOR  MARKETING. 

For  vending  purposes,  where  the  peas  are  roasted  and  sold  from 
the  fruit  stands,  the  large-podded  varieties,  including  Virginia  Bunch 
and  Virginia  Rimner,  are  in  greatest  demand,  although  considerable 
quantities  of  Spanish  and  North  Carolina  are  used  for  this  purpose. 
For  sheUed  peas  the  smaller  nuts  of  the  large-podded  stock  are 
employed;  also  the  greater  part  of  the  crop  of  Spanish,  North  Caro- 
lina, and  Tennessee  Red  varieties.  A  large  percentage  of  the  shelled 
stock  is  of  the  Spanish  variety. 

VARIETIES  FOR  STOCK  FEEDING. 

"VMien  peanuts  are  grown  exclusively  for  feeding  })urposes  the 
Spanish  is  undoubtedly  to  be  preferred.  If  it  is  desired  to  market 
the  high-grade  portion  of  the  crop  and  feed  the  remainder,  the 
question  of  variety  to  be  grown  will  depend  largely  upon  locality. 
Many  growers  throughout  the  peanut  area  follow  the  practice  of 
planting  several  acres  of  Spanish  peanuts  and  disposing  of  all  of  the 
better-grade  peas  to  some  factory  for  shelling  purposes,  the  vines  and 
poorly  filled  pods  being  fed  to  farm  animals.  The  Spanish  peanut 
can  be  grown  under  a  much  broader  range  of  conditions  than  the 
large-podded  sorts  and  should  be  employed  where  the  season  is  short. 

This  variety  also  produces  a  heavy  yield  of  vine  and  is  desirable 
for  forage  purposes.  The  Valencia  is  very  similar  to  the  Spanish 
variety  in  habit  of  growth,  is  desirable  for  stock  feeding,  and  is 
rapidly  finding  a  place  in  all  branches  of  the  market  with  the  excep- 
tion of  the  retail  trade  in  roasted  peanuts. 

THE  USES  OF  THE  PEANUT. 

To  most  persons  the  peanut  suggests  only  the  article  as  it  appears 
for  sale  whole  or  shelled  and  salted,  but  during  recent  years  the  uses 
of  peanuts  have  become  numerous,  and  include  a  wide  range  of  utility. 
The  demand  for  peanuts  for  use  in  the  manufacture  of  food  prepara- 
tions is  constantly  increasing.  By-products  of  the  peanut  are  now 
being  employed  extensively  in  the  manufacture  of  feeds  for  farm 
stock  and  dairy  cows,  and  the  plant  is  being  largely  utilized  as  forage 
and  as  a  soil  renovator. 

Important  uses  for  human  food. — Among  the  more  important  uses  of 
the  peanut  for  human  food  are  the  following:  It  is  eaten  from  the 
shell,  as  salted  shelled  peas,  as  blanched  peas,  in  the  so-called  peanut 
candies  and  brittle,  in  combination  with  pop  corn  and  puffed  rice, 
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vofjotahlo  moats,  pt'aiiut  inoal,  and  salad  oils. 

The  use  of  tho  poaniit  for  oatiiij?  from  tlio  slwil  when  roasted  is 
most  important  and  popular,  but  the  (juantity  of  shelled  peas  that  are 
first  roasted  ufid  theu  salt^^l  and  sold  hy  the  pound  is  eonstnntly 
inereasinj;. 

Comparui  i  v  i  i >  ^nnu  .ju.iiii  u  i«  -  wf  the  better  ^i  .t.i.  ^  w,  ^m  .nnii,->  are 
first  shelled  and  then  roasted  and  tlie  thin  brown  covering  removed, 
after  which  tlie  halves  of  the  peas  are  !)roken  apart  and  tlie  small 
germ  removed,  giving  the  meats  n  blanched  appeMiMiicc  wlnCh  n«nflcrs 
them  very  desirable  for  table  use. 

Great  quantities  of  shelled  peas  are  used  every  year  in  the  manu- 
facture of  peanut  candies  and  brittle,  both  alone  and  in  coml)ination 
with  other  nuts,  pop  corn,  or  puffed  rice.  A  very  desirable  kind  of 
ptMinut  candy  can  be  mad(^  by  simply  boiling  shelled  peanuts  with  a 
thick  sirup  consisting  of  2  pounds  of  granulated  sugar  and  one  large 
cupful  of  water,  together  with  a  ti^aspoonful  of  lemon  juice.  "Wlien 
the  sirup  begins  to  boil  add  2  pounds  of  unroasted  shelled  peas  and 
cook  slowly  until  the  peas  are  tender  and  the  sirup  sudiciently  hard  to 
break  when  quite  cold.  The  cooking  process  should  as  a  rule  con- 
tinue for  about  an  hour,  wlien  the  mixture  should  be  poured  on 
a  cold  buttered  platter  to  cool.  Peanut  candies  as  a  rule  are  not 
adapted  to  handling  in  warm  weather  and  should  be  kept  cold  after 
making. 

During  recent  years  great  quantities  of  shelled  peanuts,  especially 
of  the  Spanish  variety,  have  been  employed  for  the  manufacture  of 
I>eanut  butter.  This  butter  is  prepared  by  the  ton  in  factories,  is 
put  up  in  bottles  or  tins  containing  from  one-fourth  pound  to  5 
pounds  each,  and  has  become  very  popular  as  a  part  of  the  luncheon 
menu  and  for  camping  and  cruising  supplies.  In  the  process  of  the 
manufacture  of  peanut  butter  the  peas  are  first  given  a  medium 
roast,  care  being  taken  that  the  meats  do  not  become  overdone  or 
scorched.  The  peas  are  then  fanned  and  screened  to  remove  the  thin 
brown  coverings  and  the  germs,  after  which  they  are  ground  to  a 
pulp  by  means  of  a  special  grinder  similar  to  those  used  for  chopping 
meats.  As  the  peanut  pulp  comes  from  the  grinder  it  is  fed  through 
a  tin  tube  into  the  bottles  or  tins  and  tightly  sealed.  Some  manu- 
facturers follow  the  practice  of  salting  the  peanut  butter,  while  others 
leave  this  part  of  the  process  for  the  consumer,  who  can  easily  salt 
to  suit  the  taste. 

By  a  little  exp>erience  and  the  aid  of  a  small  meat  grinder,  any  one 
can  make  good  peanut  butter  for  home  use.  The  peanuts  may  be 
roasted  before  or  after  shelling,  but  in  either  case  the  oven  should  be 
only  moderately  hot  and  the  peas  should  be  stirred  frequently.     After 
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roasting,  nib  off  the  skins  and  screen  out  the  small  germs,  or  hearts. 
In  grinding  use  the  finest  plate  on  the  grinder  and  screw  up  the 
tension  until  the  crank  will  be  quite  hard  to  turn.  If  the  pulp  is  too 
coarse  after  one  grinding  it  may  be  run  through  a  second  time.  It 
will  not  be  necessary  to  add  anything  but  a  little  salt  to  the  butter, 
but  if  desired  the  butter  may  be  thinned  by  the  addition  of  a  little 
olive  or  peanut  oil. 

In  the  preparation  of  vegetarian  meats  a  portion  of  the  oil  is 
expressed  from  the  ground  peanuts,  other  ingredients,  including 
various  vegetable  substances,  are  added,  and  the  whole  is  crushed 
and  pressed  into  tins  ready  for  use.  In  this  case  the  extra  oil  is 
either  used  for  thinning  peanut  butter  or  sold  as  a  compound  for  use 
in  further  cooking  the  vegetable  meats. 

Peanut  meal,  made  from  finely  ground  blanched  peanut  meats,  is 
used  to  some  extent  in  confections.  This  meal  is  especially  desirable 
in  the  manufacture  of  almond  macaroons  and  small  cakes,  to  which 
it  imparts  the  desired  almond  flavor.  It  is  also  used  in  the  manu- 
facture of  candies. 

Peanut  oil  is  used  in  the  same  manner  as  olive  oil;  also  for  mixing 
with  cottonseed  oil  in  order  to  improve  the  quality  of  the  cotton- 
seed oQ  for  salad  purposes. 

The  uses  of  peanut  by-products  as  foods  for  live  stock. — In  the  fac- 
tories where  peanuts  are  cleaned,  shelled,  and  graded  ready  for  the 
market  there  is  always  a  certain  percentage  of  cleanings  and  inferior 
stock  that  can  readily  be  turned  into  stock  foods.  The  outside  shell, 
or  hull,  of  the  peanut  is  rich  in  food  materials,  but  is  extremely 
difficult  to  reduce  to  a  condition  in  which  it  can  be  fed.  In  large 
cleaning  factories  the  shells  are  generally  used  as  fuel,  and  the  ash 
resulting  therefrom  is  valuable  as  a  fertilizer,  often  containing  as 
high  as  3  per  cent  of  phosphoric  acid,  9  per  cent  of  potash,  and  6  per 
cent  of  lime. 

The  thin  brown  covering  of  the  peas  has  a  feeding  value  almost 
equal  to  that  of  wheat  bran.  These  hulls  are  especially  desirable  for 
mixing  with  the  smaller  particles  of  broken  peas  for  stock  feeding. 
In  large  factories  where  peanuts  are  prepared  for  the  manufacture  of 
peanut  butter  and  similar  preparations  the  waste  in  the  form  of  small 
particles  of  the  meats  and  the  germs  is  considerable  and  this  is  sold 
to  farmers  for  feeding  purposes.  In  some  cases  the  waste  is  mixed 
with  a  portion  of  the  hulls  and  finely  ground  or  chopped  before 
leaving  the  factory.  Peanut  hulls  make  an  excellent  bedding  for 
use  in  stables,  and  by  using  them  in  this  manner  and  hauling  the 
manure  upon  the  land  their  full  value  can  be  obtained. 

Broken  peas  and  germs  are  used  largely  as  a  food  for  hogs,  but 
both  should  be  fed  in  moderation  and  in  combination  with  some 
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{l^nin,  as  tho  peanut  foil  by  itself  will  jn-ixlucc  a  lu»«^  lm\ m^  ,M»fl  fal 
and  inferior  meat.  The  famous  Smithlield  liams  and  baeon  eomc 
from  hop:s  that  are  fed  partly  on  peanuts,  the  practice  beinj?  to 
turn  the  hojxs  into  the  peanut  fields  after  the  crop  has  been  pvthered 
and  allow  them  to  glean  the  pods  that  were  lost  in  harvesting.  The 
principal  objection  to  the  use  of  peanut  by-products  as  stock  feed 
is  their  t^^idency  to  become  rancid  very  quickly.  The  germs,  which 
are  high  in  nitrogen  content,  become  rancid  and  bitter  in  a  short 
while  and  should  not  be  kept  on  hand  for  a  greater  period  than  fifty 
or  sixty  days. 

Possibilities  in  the  manufacture  of  peanut  oil. — The  oil  of  the  peanut 
belongs  commercially  in  the  same  class  as  cottonseed  and  olive  oils. 
Peanut  oil  is  of  a  higlier  grade  than  cottonseed  oil  and  of  some- 
what lower  value  than  lirst-dass  olive  oil.  Peanut  oil  is  sometimes 
used  for  mLxing  with  olive  oil  for  the  production  of  an  oil  that  can 
be  sold  at  a  lower  price  than  ])ure  olive  oil.  On  the  other  liand, 
peanut  oil  is  frequently  mixed  with  cottonseed  oil  in  onh'r  <n 
improve  the  quality  of  the  cottonseed  oil  for  certain  purposes. 

The  quantity  of  oil  tliat  may  be  obtained  from  the  peanut  will 
depend  upon  the  variety,  the  maturity  of  tlie  peas,  and  tlie  apparatus 
wnth  which  the  extraction  is  made.  The  Spanish  meats  when  shelled 
and  thoroughly  cleaned  frequently  contain  as  higli  as  45  per  cent  of 
oil,  as  shown  b}-  chemical  analysis,  although  not  more  than  .34  per 
cent  can  be  expressed  by  the  best  of  present  methods  and  perhaps 
about  28  per  cent  by  ordinary  machinery.  It  is  generally  conceded 
that  in  order  to  make  the  manufacture  of  oil  profitable  good  peanuts 
must  be  obtainable  at  prices  not  exceeding  75  cents  a  bushel.  A 
bushel  of  first-class  Spanisli  peanuts,  weigliing  30  pounds,  will  j)ro- 
duce  about  1  gallon  of  oil,  worth  75  cents,  and  20  pounds  of  oil  cake 
and  hulls,  wliich  when  ground  and  mixed  together  will  be  worth 
approximately  25  cents,  or  $25  a  ton,  as  stock  feed. 

The  greater  portion  of  the  peanut  oil  of  commerce  is  manufac- 
tured at  Marseille,  France,  from  peanuts  that  are  bought  very 
cheaply  along  the  coast  regions  of  Africa  and  transported  by  ships 
as  return  cargo.  The  African-grown  peanuts  are  very  rich  in  oil, 
often  containing  as  liigh  as  50  per  cent.  With  a  coming  shortage 
of  cottonseed  from  which  to  manufacture  oil  in  this  country  there 
is  a  great  possibility  of  building  up  a  peanut-oil  industry  throughout 
the  cotton  belt  of  the  Southern  States.  As  already  mentioned,  there 
are  thousands  of  acres  of  land  now  lying  idle  that  will  produce  fairly 
good  crops  of  peanuts,  and  their  growth  will  improve  the  land.  By 
combining  the  use  of  cottonseed  and  peanuts  for  the  production  of 
oil  it  would  be  possible  to  keep  the  existing  oil  mills  of  the  South 
nmninL'  ^t   *•  .u-oHt   <<,  ]w,t|,  t},p  farmer  and    mill  owners.      The  oil 
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that  remains  in  the  cake  will  not  be  lost,  as  there  is  demand  for  the 
cake  for  fertilizers  and  for  stock  feed. 

The  process  of  expression  is  very  similar  to  that  for  cottonseed 
oil  and  the  greater  portion  of  the  machinery  of  the  present  oil  mills 
is  adapted  to  the  manufacture  of  peanut  oil. 

USE  OF  THE  PEANUT  ON  THE  FARM. 

Growing  importance. — In  sections  where  the  soil  and  climate  are 
suitable  the  peanut  is  rapidly  becoming  a  crop  of  general  farm 
importance.     In  the  Southern  States  peanuts  can  be  grown  under  a 


Fig.  19.— Peanuts  growing  in  tiie  alleys  between  rows  of  corn. 

wide  range  of  conditions,  and  the  product  can  be  used  for  several 
purposes.  Peanuts  are  valuable  as  a  substitute  for  cowpeas,  especially 
on  certain  soils  that  are  not  adapted  to  the  growing  of  the  cowpea. 
In  many  sections  wdiere  the  clovers  and  other  soil-renovating  crops 
wiU  not  withstand  the  heat  and  drought  of  tlie  summer  months  the 
peanut  will  thrive  and  make  an  excellent  growth.  A  crop  of  pea- 
nuts for  forage  can  often  be  grown  after  the  removal  of  oats  or  some 
other  spring  crop,  and  although  they  may  be  badly  overgrown  by 
crab-grass,  the  tops  may  be  mown  with  the  grass  for  hay,  and  the 
hogs  turned  in  to  root  out  the  peas. 
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portiiut  is  oxtensivcly  used  for  planting  in  tlio  alleys  between  the 
rows  of  corn.  The  peanuts  are  planted  at  the  time  the  com  is  j^ven 
the  last  working,  and  are  allowed  to  grow  as  a  eateh  crop  among  the 
corn.  (Fig.  1*^)  After  the  corn  is  pulled,  cattle  are  turne<l  in  to 
eat  the  fodder  and  the  peanut  tops.  Following  the  cattle  the  land 
is  pastured  by  hogs  to  clean  up  everything  that  remains.  In  this 
way  most  of  the  nitrogen  stored  by  the  peanut  roots  is  left  in 
the  soil. 

The  value  of  peanut  hay  for  feeding  purposes. —  I  iie  i<)j)s  of  the  pea- 
nut plant  when  cut  and  cured  in  the  same  manner  as  other  legumes 
will  produce  a  hay  that  is  almost  equal  in  feeding  value  to  the  best 
clover  hay.  By  planting  the  vSpanish  peanut  in  rows  from  24  to  30 
inches  apart  and  quite  closely  in  the  row  and  by  giving  the  crop 
about  two  cultivations,  it  is  possible  to  produce  from  one  to  two 
tons  of  hay  to  the  acre.  After  the  hay  is  removed  the  pods  can  be 
turned  out  by  means  of  a  plow,  cured,  and  stored  for  winter  feeding, 
or  hogs  may  be  turned  in  to  gather  the  croj).  The  following  table 
shows  the  comparative  value  of  peanut  hay : 

Table  I. — Comparative  analysis  of  peanut  hay  and  other  hays. 


Dry  matter. 

'•'<"«™-    'dmSS.'" 

Fata. 

Per  cent.    Per  cent. 
11.75           46.95 
l.i.  4K           36. 28 
12.S4           48.31 
7.17           52.94 
19.72           45.15 
10.48           42.02 

Percent. 
1.84 

;  ire  plant 

15.06 
2.11 

1.97 
4.04 
2.03 

Peanut  strawy  consisting  of  the  entire  vine  after  the  salable  nuts 
have  been  removed,  has  a  somewhat  higher  feeding  value  than  the 
tops  alone,  due  to  the  fact  that  many  of  the  inferior  pods  are  left 
in  the  straw.  Peanut  straw  is,  however,  not  so  bright  or  palatable 
for  feeding  as  are  the  peanut  tops  w^hen  cut  and  cured  especially  for 
hay. 

The  value  of  the  entire  peanut  plant  as  forage. — Throughout  that 
portion  of  the  Southern  States  where  field  corn  does  not  yield  a  satis- 
factory crop,  the  place  of  com  for  feeding  to  animals  may  be  largely 
taken  by  the  peanut.  On  some  ranches  where  a  large  number  of 
work  animals  are  maintained  the  Spanish  peanut,  inchidinir  the  entire 
plant,  is  practically  the  only  feed  used. 

4.31 
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The  peanut  vines  and  peas  when  chopped  or  ground  together  form 
almost  a  balanced  ration  for  a  dairy  cow.  The  following  table  will 
give  some  idea  of  the  comparative  value  of  peanut  products  and  other 


feeding  stuffs : 


Table  II. — Comparative  analysis  of  peanuts  and  other  feeding  materials. 


Drv  matter. 


Ground  com  and  oats 

Com  meal 

Wheat  bran 

Cottonseed  meal 

Peanut  kernels 

Peanut  vines r . 

Clover  hay 

Alfalfa 

Peanut,  whole  plant. . 


Protein. 

Carbohy- 
drates. 

Per  cent. 

Per  cent. 

9.6 

71.9 

9.2 

68.7 

15.4 

60.4 

42.3 

23.6 

26.6 

16.7 

10.0 

42.0 

12.4 

33.8 

14.3 

42.7 

13.5 

36.2 

Fats. 


Per  cent. 
4.4 
3.8 
4.0 
13.1 
42.0 


4.5 
2.2 
15.0 


The  use  of  peanuts  for  fattening  hogs. — As  already  suggested,  the 
peanut  is  a  valuable  feed  for  use  in  preparing  hogs  for  market,  the 
usual  custom  being  to  turn  the-  hogs  into  the  peanut  fields  and  allow 
them  to  glean  whatever  is  left  after  harvesting.  In  some  sections 
peanuts  are  being  growTi  primarily  for  feeding  to  hogs.  Poorly 
filled  nuts,  broken  peas,  the  germs,  and  waste  products  generally  are 
fed  to  hogs  during  the  earlier  part  of  the  fattening  period.  A  hog 
that  is  fattened  exlusively  on  peanuts  wall  not  yield  a  desirable  grade 
of  meat  or  lard,  as  the  meat  will  lack  firmness  and  the  lard  be  soft 
and  oily.  Toward  the  end  of  the  fattening  period  the  hog  should  be 
fed  almost  exclusively  on  com.  Hogs  wall  eat  considerable  of  the 
peanut  tops  when  pastured  on  them,  and  the  plan  of  dividing  the 
field  into  small  areas  by  portable  fences  and  allowing  the  hogs  to 
gather  the  peas  is  perhaps  the  most  economical. 

A  method  that  has  been  found  very  satisfactory  is  first  to  cut  the 
peanut  tops  for  hay,  then  turn  in  hogs.  By  turning  the  hogs  into  the 
field  for  a  short  time  only  each  day,  the  injury  to  the  soil  will  not  be 
so  great  as  if  they  w^ere  left  in  continuously. 

Methods  of  handling  and  curing  peanuts  for  forage. — ^Where  the  entire 
peanut  plant  is  to  be  stored  and  used  for  feeding  to  stock  the  work 
of  curing  and  caring  for  the  vines  should  be  very  much  the  same  as 
for  market  purposes,  although  the  crop  may  be  handled  very  much 
in  the  same  manner  as  cowpeas.  By  experience  it  has  been  found 
most  economical  to  harvest  and  stack  the  peanuts  in  exactly  the  same 
manner  as  already  described  for  market  purposes;  however,  the 
stacking  may  or  may  not  be  done  so  carefully. 

Peanut  vines  if  handled  in  the  same  way  as  vines  of  the  cowpea 
yield  a  very  desirable  class  of  forage.  Persons  who  have  used  the 
peanut  exclusively  for  feeding  purposes  claim  that  they  have  had 
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no  (iifliciilt y  in  foeclinp;  it  to  nil  kinds  of  work  animals,  own  drivinj? 
hoi"ses.  It  iswoll,  IioW(»V(M*.  to  Uhh\  only  a  part  ration  of  peanut  vinos 
at  fii-st  and  to  observe  the  animals  until  they  become  accustomed 
to  tliis  form  of  diet.  Under  ordinary  circumstances  the  plant  is  fed 
without  removinj^  the  nuts,  but  it  may  be  well  in  some  cases  to 
pick  the  peanuts  from  the  vines  and  L-rind  flicni.  slidl  nnd  nil  mid 
then  feed  as  a  meal  >a'ith  the  vines. 

INSECTS  INJURIOUS  TO  THE  PEANUT. 

The  insect  enemies  of  the  growing  peanut  crop  have  been  so  few 
that  very  little  attention  has  been  given  them  by  entomologists. 
Recently  a  species  of  aphis  has  been  reported  as  working  upon 
the  roots  of  tlie  peanut  plants.  Tliis  insect  belongs  to  a  class  tliat 
obtains  its  food  by  sucking  the  juices  of  the  plant  from  beneath  the 
surface  of  the  leaves,  stems,  or  roots.  The  presence  of  this  root  aphis 
is  indicated  by  patches  of  what  appears  to  be  a  wliite  mold  upon 
the  roots  and  pods  of  the  peanut  and  is  generally  not  observed  until 
digging  time.  Thus  far  no  great  injury  from  these  insects  is  appar- 
ent, but  should  they  become  very  numerous  great  damage  will  ensues, 
and  about  the  only  satisfactory  remedy  which  the  writer  can  suggest 
is  croj)  rotation,  planting  peanuts  on  clean  land  each  year,  and  only 
returning  to  the  original  piece  after  a  period  of  four  or  five  yeai-s. 

\Mule  in  storage  peanuts  are  attacked  by  various  insects.  So  long 
as  the  shells  remain  unbroken  these  insects  can  not  gain  access  to  the 
meats,  but  where  tlie  shells  have  been  injured  or  broken  in  thnusliing 
or  in  subsequent  handling  the  peas  can  not  be  kept  during  the  summer 
niontlis.  These  insects  are  especially  destructive  in  storage  liouses 
and  cleaning  factories  where  })eanuts  are  held  for  summer  trade, 
riiey  may  be  destroyed  by  fumigation  with  carbon  bisulphid  in  the 
factor}'  or  warehouse.  Carbon  bisulpliid  forms  an  inflammable  gas, 
and  its  use  is  attended  with  some  danger  and  should  be  applied  by  an 
experienced  person.** 

DISEASES  OF  THE  PEANUT. 

The  peanut  crop  has  thus  far  been  remarkably  free  from  disease. 
About  the  only  disease  that  has  been  at  all  prominent  is  a  form  of 
leaf-spot  (Cercospora  personata  (B.  &  C.)  E.  &  E.)  which  appears  in 
the  form  of  small  brown  spots  on  the  leaves.     (Fig.  20.) 

a  For  information  regarding  the  use  of  this  insecticide  the  reader  ia  referred  to 
Farmers*  Bulletin  145,  which  may  be  obtained  upon  application  to  the  Secretary  of 
Agriculture.  No  general  work  has  been  published  by  this  Department  on  the  insect 
enemies  of  peanut",  but  information  in  regard  to  any  of  them  may  be  obtained  by 
nppliration  to  the  Bureau  of  Entomologj'.  C'orresivmdonce  will  be  facilitatotl  if 
])ecimens  of  the  insects  concerned  in  the  damage  accompany  letters  of  inquiry'. 
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This  disease  is  especially  noticeable  on  the  young  plants  during  a 
wet  spring,  giving  the  leaves  the  appearance  of  having  been  scalded 
by  the  sun.  Later  in  the  season  the  plants  will  as  a  rule  outgrow  the 
disease,  except  in  low  or  poorly  drained  portions  of  the  fields.  Where 
the  disease  is  abundant  upon  the  foliage  the  pods  are  frequently 
discolored  and  rusty.  There  can  be  no  doubt  that  this  disease  causes 
considerable  reduction  in  yield  on  land  that  is  sour  or  poorly  drained. 
It  is  often  observed  that  the  disease  will  be  abundant  in  low  spots 
without  spreading  to  other  parts  of  the  field.  The  presence  of  the 
disease  upon  the  foliage  of  the  peanut  greatly  decreases  the  value  of 
the  vines  for  hay.     Should  this  trouble  become  prevalent  it  may  be 


Fig.  20.— Disease  appearing  upon  the  leaves  of  the  peanut. 

controlled  by  spraying  with  Bordeaux  mixture.     Its  development 
may  be  prevented  by  proper  drainage. 

CONCLIJSIOIS'S. 

The  peanut  is  worthy  of  more  general  cultivation  throughout  the 
Southern  States,  especially  in  the  boll-weevil  district,  where  it  will 
in  many  cases  be  found  more  profitable  than  cotton. 

The  uses  of  peanuts  as  a  general  farm  crop  throughout  the  South- 
ern States  are  becoming  more  numerous,  especially  as  a  means  of 
providing  suitable  forage  for  range  stock  during  the  short  winter 
period. 
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Tlio  (loinaiKl  for  peanuts  to  ho  used  in  tlio  prepttiation  of  human 
foods  is  const  ant  ly  inrreasinjj. 

The  Tnitcd  vStates  is  a  heavy  huyer  of  peanut  oil  that  is  produced 
ahroad,  wliilo  there  are  thousands  of  acres  of  waste  lands  in  the 
Southern  States  tliat  would  produce  enou«;h  peanuts  to  keep  the 
eottonseed-oil  mills  ruiuiiuL'  and  furnish  more  tiiaii  cuouLdi  oil  for 
home  consumption 

The  peanut  is  a  soil  builder  and  renovator.  11  nicludcd  n\  llie 
crop  rotation  and  |)i()i)cr!v  handhnl.  peanuts  are  not  exhaustive  of 
soil  fertility. 

While  the  avera^^e  yield  ol  peanuts  is  only  ahout  IW  bushels  an 
icre,  with  proper  methods  a  yield  of  GO  bushels  of  ])eas  and  1  to  1  i 

>ns  of  forajje  may  reasonably  he  expected.  There  are  authentic 
records  of  yields  of  160  bushels  of  Spanish  peas,  together  with  2  tons 
of  forage,  per  acre. 

The  peanut  vines,  after  the  removal  of  all  the  first-class  peas,  have 
a  feeding  value  practically  equal  to  the  cost  of  the  field  culture  of 
tlie  crop.     An  acre  of  first-class  peanuts,  calculating  the  yield  at  a 

ni  of  vines,  worth  from  $8  to  $10,  and  60  bushels  of  peas,  worth 
siO  to  $60,  will  give  an  income  of  $48  to  $70.  The  cost  of  grow- 
ing an  acre  of  peanuts  is  variously  estimated  at  $12  to  $25,  includ- 
ing seed  and  fertilizers.  These  figures  show  a  net  return  of  $36  to 
$45,  which  is  above  the  average  for  the  crop  as  now  grown  in  the 
United  States,  but  decidedl}'  lower  than  may  be  expected  under  favor- 

l)le  conditions  and  proper  cultural  methods. 

[A  hst  showing  the  titles  of  all  Farmers'  Bulletins  available  for  distribution  will 
be  sent   free  upon  application   to  a  Member  of  Congress  or   to  the   Secretary  of 
Agriculture.] 
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J.    H.    ARNOLD, 

Scientific  Assistaul,  Office  o/  Farm  Management, 
Bureau  of  Plant  Industry. 


W  ASlli^GTCJN: 


LHTTl'.R  OP  TRANSMITTAL 


U.  S.  Department  of  Agriculture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 

Washington^  D.  C .^  January  3^  1911. 
Sir  :  I  have  the  honor  to  submit  herewith  a  paper  entitled  "  Hoav 
a   City   Family   Managed   a   Farm,"   which   has   been   prepared   by 
Mr.  J.  H.  Arnold,  Scientific  Assistant  in  the  Office  of  Farm  Man- 
agement of  this  Bureau. 

This  paper  deals  w^ith  the  experiences  of  some  city-bred  people 
who  have  made  a  decided  success  in  farming,  though  lacking  in 
knowledge  of  this  pursuit  when  farming  was  begun. 

I  recommend  the  publication  of  this  manuscript  as  a  Farmers' 
Bulletin. 

Respectfully,  Wm.  A.  Taylor, 

Acting  Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture, 
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INTRODUCTION. 

This  bulletin  is  a  record  of  the  experience  of  a  city  family  that 
Mioved  onto  a  farm  in  lftO'2.  The  fatlier  liad  been  a  hiwyer  by  pro- 
iVssion,  the  manager  for  a  well-established  business  firm  in  one  of 
the  principal  cities  of  the  Middle  West,  and  was  earning  n  salary  of 
^  ).000  a  year.  At  00  years  of  age,  having  been  in  business  about 
wenty-five  years,  he  was  compelled  on  account  of  ill  health  to  aban- 
lon  his  profession  and  business.  There  were  10  children  in  the 
family,  ranging  from  2  to  21  years  of  age,  of  whom  7  were  boys. 

Under  these  conditions,  with  available  capital  amounting  to  about 
>  10,000,  which  had  been  partly  saved  in  business  and  partly  received 
by  inheritance,  the  family  decided  to  buy  a  farm  and  attempt  to  solve 
I  he  })roblem  confronting  them,  namely,  "to  make  a  living,  educate 
the  children,  and  make  a  pleasant  home.''  This  paper  will  tell  how 
they  satisfactorily  solved  the  problem,  and  while  this  is  not  a  story 
of  typical  farm  life,  it  shows  what  courage,  energy,  business  ability, 
ind  moderate  capital  may  accomplish  on  a  farm.  The  fact  that  this 
farmer  has  been  successful  without  previous  experience  or  special 
'raining,  following  systematically  the  ordinary  cropping  system  and 
iiethods  of  tillage,  with  the  exercise  of  good  judgment,  shows  that 
he  chances  for  success  in  farming  are  as  good  as  in  most  business 
nterprises. 
An  attempt  will  be  made  to  present  such  facts  about  this  farm  as 
will  enable  the  reader  to  comprehend  under  what  conditions  and  by 
what  means  the  results  were  accomplished;  hence,  a  description  of 
the  farm  and  the  methods  of  operating  it  will  be  given  in  some  detail. 
It  is  not  intended  to  indicate  in  this  description  ideal  methods  of 
farming.  As  a  model  of  farm  management  from  the  standpoint  of 
maintaining  soil  fertility  and  thus  obtaining  large  crop  yields  this 
l)ulletin  will  have  no  special  interest.  The  methods  of  keeping  ac- 
counts suggested  in  the  tables  have  been  the  instruments  through 
which  this  farmer  has  kept  track  of  his  business,  but  they  are  not 
Lfiven  as  model  forms.  The  description  given  is  rather  for  the  pur- 
pose of  enabling  the  reader  to  get  the  point  of  view  and  spirit  of  the 
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family  in  meeting  the  problems  of  life  and  realizing  their  ideals  on  a 
farm. 

It  is  believed  that  this  farmer  has,  by  his  experience,  answered  the 
chief  objections  to  farming  as  an  occupation  and  to  a  farm  as  a  place 
for  establishing  an  ideal  home.  These  objections,  as  usually  stated, 
are  that  fanning  is  not  as  remunerative  as  other  occupations  for  the 
same  ability  and  effort  expended,  that  the  family  is  deprived  of 
desirable  educational  and  social  opportunities,  and  that  the  labor 
is  too  hard  and  uninspiring,  especially  for  the  women.  The  record 
will  also  show  how  some  important  social,  economic,  and  technical 
farm  problems  have  been  worked  out;  for  instance,  the  farm-labor 
problem,  the  household  problem,  the  training  of  children  in  responsi- 
bility in  management,  and  the  doing  of  farm  work  in  a  way  to  meet 
the  requirements  of  a  normal  social  life  and  of  cultivated  intellectual 
tastes.  It  is  also  believed  that  a  narrative  of  American  farm  life, 
such  as  this,  will  demonstrate  not  only  the  possibilities  but  the 
desirability  and  dignity  of  fanning  as  an  occupation. 

While  the  owner  of  the  farm  Avishes  to  avoid  publicity,  he  is  willing 
that  the  results  of  his  experience  be  made  known  in  order  that  other 
city  men  may  feel  safe  in  attempting  to  support  and  educate  their 
families  in  this  manner. 

A  diary  and  a  financial  record  were  kept  on  this  farm  for  a  period 
of  seventeen  years.    The  facts  here  given  are  based  upon  these  records. 

DESCRIPTION  OF  THE  FARM. 

Wlien  the  family  began  country  life  in  1892  the  farm  consisted  of 
300  acres  <*  in  a  much  run-down  condition.  It  was  an  old  farm,  hav- 
ing been  located  and  surveyed  about  the  middle  of  the  eighteenth 
century.  The  old  house,  which  had  been  built  about  100  years  ago, 
was  still  substantial.  In  a  remodeled  form  it  is  now  the  kitchen  of 
a  modem  house.  Much  of  the  land  had  been  allowed  to  grow  up  in 
bushes  and  3^oung  trees.  The  barns  and  fences  were  out  of  repair,  so 
that  the  place  as  a  whole  presented  a  dilapidated  appearance.  The 
farm  had  been  rented  out  and  had  produced  a  gross  income  of  about 
$700  a  year. 

The  location  is  in  the  beautiful  and  fertile  region  known  as  the 
Shenandoah  Valley,  the  middle  section  of  the  great  Appalachian  Val- 
ley which  extends  from  the  northeast  corner  of  Pennsylvania  to 
central  Alabama.  It  is  about  100  miles  from  a  seaboard  city  and  is 
accessible  to  railways  leading  to  New  York  and  to  the  large  cities 
of  the  Ohio  and  Mississippi  valleys.     In  this  section  there  are  now 

°  About  80  acres  were  added  to  the  farm  a  few  years  later,  making  the  entire 
farm  consist  at  present  of  380  acres. 
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ffood  turnpiko  roads.     One  of  thesi*  passes  the  farm  and  leads  to  a 
hippinj>:  point  3  miles  distant  and  to  the  county  town  of  3,500 
inhabitant's,  3 J  miles  distant. 

The  soil  here  is  ivsi(hial,  formed  from  a  limestone  of  the  Cambro- 
^ilurian  age,  iiaving  a  rirh  brown  color  and,  accord in<jf  to  the  classifi- 
cation adopted  by  the  Bureau  of  Soils  of  the  Department  of  Agri- 
culture, is  a  clay  loam  of  tlie  Ilairerstown  series. 

CAPITAL  AND  OTHER  RESOURCES. 

The  inventory  taken  January  1,  1892  (see  Table  I),  showed  that 

he  land  with  improvements  was  valued  at  $55  an  acre,  the  whole 

i:irm  and  e<iuipmeut   being  worth  $10,707.     The  debt  on  the  farm, 

>8,459,  and  money  borrowed  for  fertilizer,  $220,  made  the  total  lia- 
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Fig.  1. — Plan  of  the  farm,  showing  the  arrangement  of  the  fields,  bulldlngR,  etc. 

hilities  $8,670,  which,  deducted  from  the  above  assets,  left  a  balance 
f  $11,028,  whicli  constituted  the  "present  worth"  of  farm  and 
juipment  at  that  date. 

ARRANGEMENT  OF  THE  FIELDS. 
The  general  management  of  the  farm  seems  to  have  been  well 
hought  out  from  the  first.  The  farm  was  laid  out  originally  about 
IS  it  appears  at  present,  and  with  slight  changes  to  fit  conditions  the 
Topping  system  was  the  same  as  now.  The  plan  of  the  farm  (fig.  1) 
hows  the  convenient  arrangement  of  the  fields. 
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Special  attention  was  given  to  laying  out  the  farm.  All  the  fields 
except  F  ma}^  be  reached  within  650  yards  of  the  barnyard.  Field  F 
is  ^Yithin  half  a  mile.  The  fields  are  as  long  as  can  be  arranged  in 
accordance  with  the  general  farm  plan.  This  is  regarded  as  an 
important  feature  in  the  arrangement,  since  the  time  saved  during 
the  year  in  turning  corners  when  plowing  and  in  doing  other  farm 
operations  is  considerable.  The  gate  to  each  field  is  placed  at  the 
corner  nearest  the  barn,  and  workmen  are  required  to  leave  imple- 
ments at  the  gate  when  coming  in  from  the  fields.  The  lane  leading 
to  the  fields  is  30  feet  wide;  except  for  the  wagon  track  it  is  grown 
up  in  bluegrass,  so  there  is  practically  no  waste  on  its  account.  A 
well,  80  feet  deep,  located  in  field  G,  supplies  water  by  windmill  to 
a  cement  trough,  which  is  so  placed  that  it  furnishes  water  in  two 
fields  and  may  be  reached  easily  through  the  lane  from  other  fields. 

CROPPING  SYSTEM. 

The  general  crop  history  of  each  field  may  be  worked  out  from  the 
following  system  of  rotation:  Corn,  wheat,  wheat,  grass  for  hay, 
pasture,  corn.  Usually  two  wheat  crops  follow  in  succession,  and 
now  and  then  if  the  stand  of  grass  is  not  good  it  is  plowed  up,  put  into 
corn,  and  reseeded  the  next  year  to  wheat.  On  the  plat  (fig.  1)  are 
shown  the  crops  raised  on  each  field  in  1908-9,  the  plan  for  the 
rotation  of  fields  during  1910  being  tentatively  as  follow^s:  B,  pas- 
ture; C,  corn;  D,  hay^  E,  wheat;  F,  wheat;  G,  pasture;  H,  wheat; 
and  I,  pasture.  This  will  give  the  following  acreage  of  crops:  Wheat, 
95  acres ;  corn,  40  acres ;  hay,  49  acres,  including  alfalfa ;  pasture,  78 
acres,  besides  the  permanent  pasture. 

There  are  thus  2G2  acres  Avhich  have  been  farmed  in  the  five  or  six 
year  rotation  for  nearly  seventeen  years.  During  this  time  the  divi- 
sion of  crops,  which  have  been  run  in  rotation,  has  been  on  the  aver- 
age as  follows:  Corn,  47  acres;  wheat,  80  acres;  and  hay  and  pasture, 
about  135  acres.  It  is  to  be  added,  however,  that  field  M,  which  is 
now  in  orchard,  was  put  in  some  field  crop  up  to  the  time  the  trees 
were  six  or  seven  years  old.  The  bearing  orchard,  15  acres,  is  now 
14  years  old,  and  the  remainder,  15  acres,  is  in  1  and  2  year  old  trees. 
The  young  orchard  is  in  corn,  making  the  total  acreage  of  corn  55 
acres. 

On  field  H,  5  acres  of  alfalfa  were  sown  in  the  fall  of  1908.  The 
alfalfa  was  not  able  to  crowd  out  weeds,  especially  the  sorrel,  which 
for  a  time  threatened  to  take  the  crop.  During  the  spring  and  sum- 
mer of  1909  the  field  was  disked  twice  and  harrowed  two  or  three 
times  Avith  a  spring-tooth  harrow,  and  in  September  a  heavy  coating 
of  lime  was  applied  as  a  top  dressing.  On  September  23,  1909,  the 
alfalfa  was  vigorous  and  the  indications  were  that  it  would  continue 
to  thrive. 
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WATER  SUPPLY  AND  SEWERAGE. 

The  barn  lots,  dwellinjr.  and  perinanent  pasture  fields  are  supplied 
from  a  well  noar  the  premises.  T^y  means  of  a  steam  enj^ine  the 
water  is  lifted  into  a  tank  and  distributed  through  pipes  where 
needed.  The  dwelling  is  ecpiipped  with  nunlern  convenienees,  such 
IS  bathroom,  water-eloset,  lavatories,  and  hot  water.  The  sewage 
IS  distributed  through  tiles  in  the  orchard.  The  entire  .system  was 
planned  by  the  owner  and  the  work  was  done  by  labor  on  the  farm. 


BUILDINGS. 

The  buildings  have  been  constructed  from  the  point  of  view  of 
economy  in  expense  and  convenience  in  use.  There  are  good,  substan- 
tial horse  and  cow 
barns.  Their  loca- 
tion has  been  planned 
in  accordance  with 
])rinciples  of  econ- 
omy in  getting  to  the 
lields  on  the  farm. 
The  cow  bam  and 
lots  are  .so  placed 
that  all  the  fields 
may  be  reached  di- 
rectly. Stock  can  not 
interfere  with  other 
buildings  and  prem- 
ises, rior.ses  nuiy  be 
t.iken  to  the  fields  by  opening  one  gate.  The  wagon  shed  (fig.  2)  is 
-o  constructed  that  the  teams  are  simply  driven  through  the  shed  and 
the  wagons  left  standing  in  their  proper  places.  No  labor  and  time 
are  consumed  in  pulling  or  pushing  the  wagons  into  place. 

LABOR. 

THE   SYSTEM   OF   EMPLOYMENT. 

The  farm  laborers,  who  are  hired  by  the  year,  have  families,  and 
live  in  houses  built  especially  for  their  use.  One  of  the.se  houses  is 
-hown  in  figure  3.  Reference  to  the  farm  plan  will  .^how  their  loca- 
tion. One  acre  of  ground  goes  with  each  of  the  houses  for  a  family 
irarden.  Barn  room  and  the  necessary  outbuildings  for  stock  belong- 
iuir  to  the  laborers  are  also  furnished. 


Fig.  li. — A  cou\  t'uieui  wagou  slieU,  ecuuuiuiziD);  time  and  lalwr. 
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The  plan  of  housing  laborers  in  separate  quaiiei^  is  followed,  first, 
to  secure  privacy  and  freedom  in  the  home  and  to  relieve  the  house- 
hold from  extra  labor.  Second,  experience  shoAvs  that  it  is  possible 
to  secure  better  service  by  having  men  with  families.  This  plan  has 
been  followed  with  but  few  exceptions  from  the  first  and  has  been 
quite  satisfactory  to  the  family  and  to  the  men.  As  a  rule  these  men 
have  been  recniited  from  factories,  railroads,  and  mines.  They  are 
secured  by  offering  inducements  not  usually  given  on  farms.  Ten 
hours  of  labor,  for  instance,  is  all  that  is  required,  and  usualty  a  part 
holiday  on  Saturday.  Sometimes  a  whole  day  is  given  as  time  off 
to  work  their  gardens,  etc.  Any  special  service  or  extra  good  Avork 
is  rewarded  in  some  way. 

The  standa-rd  money  wages  paid  is  $:20()  a  year.  In  addition  a 
dwelling.    1    acre   of   garden,   one   cow    and    pasture,    and    firewood 

are  furnished.  Kct 
numeration  beyond 
this  is  dependent 
upon  the  quality  of 
service.  If  satisfac- 
tory service  has  been 
given  during  the  first 
3'ear  $25  extra  is  paid 
in  cash  and  5  barrels 
of  corn  to  fatten 
hogs.  After  two 
years  of  satisfactory 
service  $50  in  cash 
and  10  barrels  of 
corn  are  given  at  the 
end  of  each  year. 
If  wheat  is  put  in 
satisfactorily  and  the 
crop  is  good.  30  bushels  of  wheat  in  the  mill  is  added  to  the  income 
of  the  laborer's  family.  The  laborer  may  keep  as  many  fowls  as  he 
chooses,  inclosed.  He  has  the  same  area  of  garden  as  his  employer's 
famih^  and  may  sell  as  much  as  he  likes  from  it. 

This  plan  has  enabled  the  majority  of  the  laborers  who  have  lived 
on  this  farm  to  accumulate  a  sufficient  amount  of  capital  to  take  up 
farming  for  themselves.  Some  have  become  owners  of  farms.  The 
employer  takes  pains  to  teach  his  men  good  farming  methods. 

At  least  one  of  the  laborers  is  expected  to  have  sufficient  mechanical 
ability  to  do  all  needed  repairing  and  to  help  with  the  construction 
of  buildings  on  the  farm.  For  this  purpose  there  is  a  well-equipped 
blacksmith  and  carpenter  shop.  This  provides  work  on  rainy  days 
and  in  the  winter. 

4.S2 


Fig.  o. — A  laborer's  houst>,  planned  by  the  owner  and  built 
to  a  great  extent  by  farm  labor  during  the  winter  of 
1909-10. 
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RELATION  BETWEEN  OWNER  AND  LABORER. 

The  proprietor  takes  h  personal  interest  in  the  welfare  of  the 
lal)orer  and  his  family,  lie  holds  that  ^ood  work  can  not  Im'  secured 
unless  the  laboivr  is  contented  and  gives  his  services  cheerfully. 
Mutual  good  will  develops  when  the  employer  is  careful  in  the  selec- 
tion of  his  men  and  permits  them  to  share  in  the  general  success  of 
the  farm.  In  1000  the  best  lalM)rer  on  the  farm,  the  man  longest  in 
service,  concluded  to  begin  farming  for  himself.  The  employer 
bought  20  acres  of  land  for  him.  which  will  l)e  paid  for  in  small 
siiins.  ;i^  lie  <;ni  H tford  to  uiakc  payments. 

ECONOMICAL   USE  OF   LABOR. 

The  econouiical  use  of  labor  is  one  of  the  most  serious  problems 
in  farming.  This  farmer  has  plans  drawn  for  the  remodeling  of 
l)uildings.  the  changing  of  fences,  and  the  erection  of  new  buildings. 
"  I  nuike  these  plans  as  they  come  into  my  mind."  he  says,  "  and  when 
labor  can  not  be  profitably  used  in  the  fields  it  is  employed  in  carry- 
ing out  these  plans.  As  a  rule.  I  plan  ahead  for  my  fann  work  and 
find  tliat  it  pays,  since  we  lose  no  time  and  labor  can  always  be 
prolitably  emi)loyed." 

During  the  winter  of  1000-10  a  new  tenant  house  was  planned  by 
the  owner  and  largely  constructed  by  the  regular  fann  labor,  with 
such  other  help  as  could  be  obtained  in  the  comnnmity.  The  large 
barn  on  the  fann  was  built  entirely  by  the  men  and  boys  of  the  family 
and  two  laborers. 

FAMILY  DISCIPLINE  AND  OCCUPATION. 

The  occupations  and  labor  of  the  family  are  not  arranged  from 
the  standpoint  of  economic  results,  but  in  accordance  with  the  princi- 
ple stated  in  the  introduction — that  of  pro])erly  training  the  children 
and  making  the  home  pleasant. 

In  the  home  the  children,  from  the  time  tiiey  were  old  enough 
to  perform  any  service,  have  been  recpiired  "  to  do  something  for  the 
profit  or  welfare  of  the  family  l>efore  having  any  breakfast."  The 
work  done  by  the  family  in  the  house  was  systematized  in  such  a 
way  that  each  member  when  old  enough  assimied  responsibility  for 
some  of  the  work.  This  system  of  training  is  adapted  to  the  require- 
ments of  farm  life.  There  have  l)een  developed  on  the  farm  indus- 
tries such  as  dairying,  poultry  keeping,  gardening.  or<'harding.  and 
general  farming.  At  the  present  time  one  son  makes  the  apple 
orchard  his  specialty.  A  daughter  is  responsible  for  the  poidtry 
and  another  for  the  marketing  of  produce  and  the  l><K)kkeeping.    The 
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mother  do^s  the  cooking  and  superintends  the  dairy.  The  father 
superintends  the  whole  farm,  sees  that  crops  are  properly  put  in  and 
cultivated,  and  that  the  stock  is  well  cared  for.  He  is  in  touch  with 
every  operation  on  the  farm  and  inspects  all  the  work  that  is  done. 

Special  attention  is  given  to  the  care  of  work  horses.  Every  even- 
ing the  shoulders  of  work  horses  are  bathed  with  cold  Avater.  At 
noon  in  summer  the  laborers  are  given  an  extra  half  hour  to  un- 
harness and  reharness  the  horses.  As  a  result  of  this  special  care, 
sore  shoulders  on  horses  are  seldom  known  on  this  farm. 

THE  HOUSEWORK  PEOBLEM. 

Xo  regular  house  servants  are  kept  in  the  home.  The  work  of 
housekeeping  is  done  by  the  mother  and  two  daughters.  The  laundry 
work  is  done  outside.  All  heavy  work,  and  such  labor  as  caring  for 
the  garden,  etc.,  is  done  by  the  men.  The  cooking  arrangements  are 
planned  to  economize  labor  and  make  it  as  easy  as  possible.  A  hot- 
water  tank  is  connected  with  the  plumbing  system,  so  that  plenty  of 
hot  and  cold  water  can  be  had  at  any  time.  This  arrangement,  com- 
bined with  a  large  sink  from  which  waste  is  carried  to  the  sewer, 
eliminates  most  of  the  conditions  which  tend  to  make  housework 
drudgery.  Utensils  are  kept  in  their  proper  places,  so  that  they  can 
be  reached  with  the  fewest  possible  steps. 

THE  FARM  GARDEN. 

The  garden,  consisting  of  about  1  acre  of  land,  is  an  important 
feature  in  the  management  of  this  farm.  The  crops  shown  on  the 
diagram  (fig.  4)  are  those  planted  in  1909.  Besides  the  vegetables 
and  small  fruits  for  family  use,  the  garden  brings  an  income  of  about 
$200  a  year,  the  products  being  exchanged  for  groceries.  This  pays 
the  expenses  of  the  table.  The  principal  money  crops  from  the  gar- 
den are  kale,  spinach,  winter  onions  (sold  in  early  spring),  tomatoes, 
and  cantaloupes.  Kale  and  spinach  are  not  common  crops  in  this 
section  and  a  read}^  market  has  always  been  found  for  them.  Others, 
however,  are  beginning  to  raise  kale  on  their  own  account,  so  that 
more  spinach  is  now  being  raised  on  this  farm.  Prices  have  ranged 
from  40  to  60  cents  a  bushel  for  kale  and  60  to  80  cents  a  bushel  for 
spinach.  From  250  to  300  bushels  an  acre  is  considered  a  good  crop. 
Besides  being  raised  for  the  market,  kale  is  used  as  a  general  winter 
cover  crop  in  the  garden.  On  September  23,  when  the  writer  last 
visited  the  farm,  kale  was  coming  up  in  all  places  not  in  regular 
garden  crops.  It  is  found  that  kale  plowed  under  in  the  spring  puts 
the  ground  in  fine  condition  for  cantaloupes. 
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A  si)ecialty  has  Ikmmi  inado  of  raising  lato  tomatoes  to  be  put  on  the 
market  wlien  this  fruit  is  scaree.  Tomatoi's  arc  >(>1(1  from  this 
fifarden  ahout  the  hist  of  Oetolwr  and  in  Noveinln'r.  Most  of  the 
products  ai\»  sold  by  telephone  to  the  merchants  in  the  town  and  vil- 
lagi»s  in  the  county. 
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/60  XT' 
Fig.  4.-  riat  of  the  farm  garden,  showing  the  crops  grown  In  1900. 

A  row  of  grapes  occupies  the  space  along  the  fence  at  one  end  of 
the  garden.  There  are  also  four  short  rows  outside,  not  marked  on 
the  diagram.  The  vines  are  trimmed  in  winter,  but  receive  no  other 
s|>ecial  care.  When  the  fruit  is  formed  in  early  spring  the  bunches 
are  bagged  with  2-pound  grocery  bags,  tied  securely  with  a  string 
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about  the  base  of  the  stem.  It  is  stated  that  these  bagged  bunches 
will  stay  well  preserved  on  the  vines  until  frozen  off.  The  bunches 
still  hanging  on  the  vines  unbagged  were  badly  diseased  and  rotted  on 
September  23. 

THE  ORCHARD. 

Field  M  (see  fig.  1)  is  now  j^lanted  in  orchard,  15  acres  of  which 
is  in  the  bearing  stage.  With  the  exception  of  a  few  old  trees  near 
the  house  this  orchard  is  12  to  14  years  old.  The  trees  were  planted 
in  the  ordinary  manner  about  30  feet  apart,  cultivated  in  crops  for 
six  to  ten  years,  then  seeded  to  grass  and  clover.     At  two  different 


Fig.  5. — A  section  of  the  woodland  and  bluegrass  pasture  on  the  farm,  showing  whore  the 
trees  have  been  cut  off  to  get  a  growth  of  bluegrass. 

times  a  bushel  of  wood  ashes  was  put  around  each  tree.  This 
year  manure  was  hauled  between  the  rows  and  spread  about  10  feet 
from  the  trees.  Since  it  has  been  in  grass  the  orchard  has  been 
pastured  by  sheep  and  hogs.  The  branches  are  thinned  out  in  the 
dormant  season,  being  trimmed  mostly  at  the  top.  The  trees  are 
sprayed  four  times  a  year,  twice  for  the  San  Jose  scale  and  twice  for 
the  codling  moth.  There  is  a  space  of  about  half  an  acre  with  no 
trees.  The  orchard  had  become  infested  with  the  San  Jose  scale  and 
the  infested  trees  were  cut  out  before  the  proprietor  learned  how  to 
deal  with  this  pest. 
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Refcronci'  U)  the  iMv  of  riHtMpts  and  oxpenditiiros  will  show  that 
this  oivhan!  has  Ihtu  hrinpn«r  in  a  sii])stantial  income  for  three 
years.  Last  year  800  harrels  of  apples  were  niarkete<l  at  $-2.10  u 
harn'l.  The  varieties  grown  for  market  are  the  Ben  Davis  and  York 
Imperial.  It  is  planned  to  increase  tlv  ■  •  if  die  orchard  until  it 
reaches  about   100  acres. 

WnoBLAND  AND  PERMANENT  PASTURE 

AiKMii  '>y'  ;i<  n -^  »»f  (he  farm  in  one  tract  is  in  foroi.  ((Micumng 
many  lar<i:e  and  valuable  oak,  hickory,  elm,  and  walnut  tre(»s.  The 
field  nuirked  "  K,"  in  which  are  many  of  these  trees,  is  known  as 
"The  Refuge."  Squirrels  play  without  fear  in  this  field.  Whore 
the  trees  have  been  thinned  out  in  the  woodland,  bluegrass  has  come 
up  luxuriantly  (fig.  5),  so  that  the  gre^iter  part  of  fields  A.  J. 
and  K  furnish  fine  pasture  in  the  early  spring. 

STOCK. 

In  the  inventory  of  January  1,  1905,  182  head  of  live  stock  were 
recorded,  and  on  January  1,  IDOD,  there  were  'JOO.  Average<l  for 
the  past  five  years  the  proportion  of  different  kinds  of  live  st(K'k  is 
about  as  follows:  Horses,  10;  cows  and  stock  cattle,  40:  young  cattle, 
10;  hogs,  X);  and  sheep,  about  100.  On  the  average  about  100  acres 
remain  in  pasture.  To  show  that  this  farm  has  about  the  right  area 
in  pasture,  the  following  estimate  of  pasture  area  for  each  class  of 
stock  is  given: 

40  cows  juuI  stfH'k  f'AtUo _  S()  acres." 

10  yoiinj;  cattle 15  acres. 

35  liojis _       10  acres. 

100  slieei) 40  acres. 

^^i^  1,,.,.:,..  Miul  colts 15  acres. 

100  acres. 

The  dairy  department  of  the  farm  maintains  on  the  average  >  to 
10  cows.  Butter  is  made  and  sold  in  t^e  local  markets.  It  is  found 
to  be  more  profitable  to  buy  young  steers  and  keep  them  a  year  than 
to  buy  and  feed  the  same  year. 

Sheep  have  always  been  kept  on  the  farm  and  the  profit  in  them 
is  very  satisfactory. 

Ten  horses  and  2  or  3  colts  are  kept  on  tli<'  >.l  •<  .■  ^.vn  lw.i^..<  ;jre 
used  for  farm  work  and  3  for  driving. 

•*  These  fij:nres  should  he  stiidieil  hi  connection  with  the  statistics  presenttnl  in 
"  Cropping  Systems  f<»r  StcH'k  Farms,"  by  H'.  J.  Si>illu]an,  Yearl>ook  of  Depart- 
ment of  Agricnltnre  for  11)07. 
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TILLAGE. 

Three-horse  pk)ws  are  run  from  9  to  10  inches  deep  for  both  com 
and  wheat.  No  guessing  is  allowed  on  this  point,  since  the  furrows 
are  measured  frequently  to  see  that  the  required  depth  is  maintained. 

The  ground  for  wheat  is  prepared  in  the  following  manner:  As 
soon  after  harvest  as  possible  the  stubble  ground  is  plowed.  It  is 
harrowed,  then  rolled  and  harrowed  again,  the  second  time  with  a 
spike-tooth  harrow.  A  spring-tooth  harrow  precedes  the  drill.  The 
wheat  is  sowed  about  September  25.  Wheat  to  follow  corn  is  put 
in  as  soon  as  possible  after  the  com  is  cut,  the  land  being  prepared 
by  running  a  disk  harrow  over  the  field  and  then  a  spring-tooth 
harrow.  Sometimes  the  spring-tooth  harrow  alone  is  deemed  suffi- 
cient.    The  land  is  then  drilled  the  same  as  the  plowed  ground. 

Corn  is  planted  on  land  which  has  been  in  pasture.  Before  plow- 
ing the  ground  is  covered  with  stable  manure.  After  plowing  it  is 
pulverized  with  a  disk  harrow  and  cross-harrowed  before  the  planter. 
It  is  harrowed  once  after  planting  and  then  cultivated  with  two-horse 
cultivatoi*s,  the  last  time  or  two  very  shallow. 

FERTILIZERS. 

The  manure  spreader  is  regarded  as  one  of  the  most  important 
implements  on  the  fann.  By  means  of  it,  it  has  been  possible  during 
the  past  few  years  to  cover  about  75  acres  of  the  farm  each  year  with 
stable  manure. 

It  is  a  common  practice  in  this  section  to  use  commercial  fertil- 
izers when  sowing  wheat  and  grass.  The  fertilizer  is  mixed  on  the 
farm.  It  consists  of  a  mixture  of  one  half  of  ground  raw  bone,  con- 
taining 22  per  cent  of  phosphoric  acid  and  2^  per  cent  of  nitrogen, 
and  one  half  of  South  Carolina  ground  rock,  containing  IG  per  cent 
of  phosphoric  acid.  It  has  not  been  the  jDractice  on  the  farm  to  plow 
under  green  crops,  although  the  benefit  of  such  practice  is  recognized. 
A  straw  mulch  has  been  put  on  part  of  a  field  at  different  times  and 
plowed  under.  The  results  have  been  good.  One  year  the  plowing 
under  of  straw  alongside  of  land  well  manured  gave  about  the  same 
results  as  manured  land.  In  the  year  1909  on  field  D,  a  part  of  the 
wheat  stubble  was  mowed  soon  after  harvest  to  serve  as  a  mulch. 
On  the  ground  that  was  mowed  the  clover  was  taller  and  more  vig- 
orous on  September  2.  The  difference  was  to  be  seen  also  on  Sep- 
tember 23.  The  year  1909  being  very  dry,  this  covering  no  doubt 
prevented  the  evaporation  of  moisture  and  thus  aided  the  clover  in 
making  a  better  growth. 
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FINANCIAL  RECORD  OF  THE  FARM 
INVENTORIES. 

A  simple  l)ul  quite  complete  record  of  ie>ull>  on  {\ii>  larm  has 
been  kept  from  the  time  the  farm  was  purchastMl  until  the  |)resent 
time.  This  is  in  the  form  of  a  diary  and  a  bookkeeping  record. 
On  January  1  of  each  year  an  inventory  was  made.  Tables  I,  II, 
anil  III  show  inventx)ries  for  the  years  181)2,  1905,  and  11)00,  which 
«^ive  a  ix^xnl  idea  of  the  development  of  the  farm  and  particularly 
of  the  inci-ease  in  its  value.  Under  the  heiiding  ''  Plant ''  are  given 
the  real  estate  and  the  live  stock  and  machinery  which  arc  used  in 
operatin*;  the  farm.  Under  the  headinir  "Materials  and  supplies'' 
are  given  feed  and  stilable  grain  and  animal  products;  also  live  stcx-k 
which  may  be  sold  or  used  to  replace  older  stock  for  breeding  and 
dairy  purposes. 

In  181)2  the  value  of  the  plant  was  $I8,1G7;  in  1905  it  was  $,32,305; 
in  1909  it  amounted  to  $41,972.  It  will  be  seen  that  the  value  of  the 
plant  has  more  than  doubled  during  the  seventeen-year  period.  The 
net  income  has  more  than  doubled  also,  so  that  the  increased  valua- 
tion of  the  real  estate  could  properly  be  based  on  the  income. 
Table  I. — Inventory  of  the  farm,  January  1,  1892. 


Item. 


Value. 


Total. 


A.SSETS.  a 

riant: 

i                    iiiKimprovements,  etc.,300acres,  atJSSanacre.. 

li                      K'.etc 

1.1 

2  horit'>,  at  8100 

S-'OO 
•JOO 

:« 

.'lO 
50 
30 
85 
18 
2 

tlts.VK) 
1,000 

8  cows  an'l  hi'ifors,  at  t25    .      .                             

s  hogs,  at  J-1. 

Machinery  and  tooN 

Farm  wapon 

lUi  gpj' 

432 

i  I arn«\>is,  etc 

Drill  and  plows 

Harrow.. 
Forks 

235 

Mat«>ii 

y                              nluctsonhand— 

;o  ton.s,  ni%n 

ciroiii  for  stock,  70  barrels  corn,  at  $.' 

Live  stock— 

2  colts,  at  $60 

l.-iO 

120 
810 

S20 

27  head  stock  cattle,  at  ?30. . 
Growing  wheat,  80  acres. . 

LIABIUnE.S. 

Debt  on  300-acre  farm .                          

i.,7n7 

Debt  for  fertillier  and  «li 

8.679 

11,028 
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Table  II. — Inventory 

Of  the 

farm,  January  1, 

190[^ 

Item. 

Value. 

Total. 

ASSETS. 

Plant: 

Land,  including  buildings,  etc.,  380  acrts  at 

$75  an  a 

ere 

$28,500 
1,500 

House  furniture,  etc 

Live  stock— 

7  horses 

$550 

280 

60 

40 

435 

1  bull  . . 

4  brood  sows 

87  sheep 

1,365 

Machinery  and  tools- 
Farm  machinery  and  implements 

400 
100 
400 
100 

Hand  tools 

Carriages  and  wagons .                                                                      .  . 

Harness 

1,000 

Materials  and  supplies: 

Feed  and  salable  products  on  hand— 

30  tons  of  hay 

240 
562 
L50 
100 
60 

250  bairels  of  com 

Fodder  and  straw 

Oats  and  flaxseed  meal 

1,112 

Live  stock — 

4  heifers 

100 
140 

.30 
1,245 

75 
100 

7  vearlings 

3  calves 

37  head  feeding  cattle 

23shoats. 

2  colts 

1,690 
555 

Growing  wheat,  92  acres 

LIABIUTIES. 

Due  on  farm 

35.722 
8,500 

Present  worth  of  farm  and  equipment 

27,222 

Table  III. — Inventory  of  the  farm,  January  1,  1909. 


Item. 

Value. 

Total. 

ASSETS. 

Plant: 

Land,  including  buildings,  etc.,  380  acres,  at  $95  an  acre 

$36, 100 

House  furniture,  etc 

1,500 

Live  stock— 

0  work  horses,  3  driving  horses 

$1,350 

850 

50 

60 

12 

700 

17  cows,  at  ?50 

IbuU...             

3  brood  sows 

1  boar 

100  sheep 

3,022 

Machinery  and  tools- 
Farm  machinery  and  implements 

600 
150 
400 
200 

Hand  tools 

Wagon  and  carriages 

Harness 

1,350 

Materials  and  supplies: 

Feed  and  salable  products  on  hand— 

100  barrels  of  com 

300 
560 
150 
20 
100 

70  tons  of  hay 

Bacon,  flour,  and  foodstuffs  on  hand 

Oats 

Fodder  and  straw 

1,130 

Live  stock— 
2  colts . 

120 

i,2(;o 

375 
170 

18  fat  cattle 

34  hogs 

1.925 
585 

Growing  wheat,  98  acres 

Total  resources 

45, 612 

LIABILITIES. 

Due  on  farm . . 

6,503 

Present  worth  of  farm  and  equipment                       .  .         ^ 

39,109 
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RECEIPTS   AND   EXPENDITURES. 

The  items  in  Tablo  IV  are  taken  from  the  books  kept  on  tlie  farm. 
This  record  indmles  five  years — fioni  1004  to  1000.  Some  of  the 
items  in  this  table  are  estimates:  for  instancv,  strain  and  hay  fed  to 
stock.  The  amount  of  such  materials  produced  on  the  farm  is  known 
quite  accurately,  however.  The  amount  sold  plus  the  amount  on 
hand  subtnu'ted  from  the  amount  produced  gives  the  amount  of  such 
products  fed.  The  records  are,  of  course*,  far  from  complete,  yet  the 
net  income  is  shown  with  a  fair  degree*  of  accuracy. 

T.\Bi.K  IN'. — Hecciptx  and  vxin^uiUurcH  on  the  farm,  lUOi  to  lUfH),  invlunirr. 


lUmi. 

1904. 

1906. 

1906. 

1907. 

1906. 

1909. 

RKCEIPTS. 

Cattle.  inchidiiiK  fat  cattle  soUl 

Sheep,  lambs,  ami  wool 

Wheat.. 

Corn 

Oats 

$1,381.87 

400.00 

1.480.30 

765.00 

112.00 

$2,684.39 

400.00 

1, '230. 00 

969.50 

$200.  (M) 
500.00 
751.00 
♦iOO.OO 

$500.00 

550.00 

1,557.00 

1,000.00 

$1,9;{7.00 
550.00 
1,157.00 
750.00 
60.00 
900.00 

$700.00 
750.00 

l,«i82.00 

900.00 

75.00 

Hav 

490.00 
72.00 



700.00  j      800.00 

9(i0.00 

Pork  proil  acts 

Llvehogs 

Poultry,  dairy,  and  garden  prouiuis 

Wood. 

50.00 
350.00 
180.00 

135.00 
375.00 

400.00 

200.00 
400.00 

475.00 
600.00 

750.00 
600.00 

Apples 

500.00 

1,427.00 

51-2.  (K) 

1,680.00 

Total  receipts                            

5,281.17 

6,293.89  1  3,451.00 

6,434.00  I    6,941.00 

8.097.00 

EXreNDlTllii 

Labora 

Taxes 

Farm  supplies 

Interest  on  debt 

Fertilirer 

500.00 
170.00 
250.00 
360.00 
150.00 
211.00 

500.00 
650.00 

400.00 
150.00 
300.00 
360.00 
135.00 
212.00 

550.00 
1.763.00 

450.00 
138.00 
300.00 
360.00 
116.50 
150.00 

400.00 

5iM).0O 
145.00 
300.00 
344.00 
147.86 
150.00 

600.00 

700.00 
140.00 
200.00 
260.00 
185.39 
197.50 

750.00 
781.24 

700.00 
168.00 
400.00 
240.00 
185  39 

Seed 

188.00 

Grain  and  hay  for  stoclt  (produced  on 
:  f('d ) 

600.00 

it  for  feeding 

1                     ling 

36.00 

txtra  labor  picking  apples,  etc 

300.00 

418.00 

Total  expenditiirp 

2,791.00 

3,906.00  1  1,914.50 

2,486.86 

3,214.13 

2,899.39 

Net  income                                       

2,490.17 

2,387.89     1,536.50 

3,947. 14 

3,726.87 

5,197.61 

a  The  labor  of  the  family  is  not  counted  as  an  item  of  expense. 

h  Net  income,  as  understood  on  this  fann.  includes  interest  on  investment,  profits,  and  reward  for  the 
bbor  of  the  family. 

The  accompanying  diagram  (fig.  6)  shows  the  net  income  during 
the  period  from  1802  to  1000.  It  also  shows  the  gross  value  of  wheat 
and  corn  produced  during  these  years.  The  low  income  in  the  year 
1906  is  largely  accounted  for  by  the  severe  illness  of  the  father  during 
this  year.  The  advance  in  the  income  the  next  year,  1007,  was  due 
to  more  than  average  yields  of  all  kinds  of  crops,  but  there  began  to 
come  in  a  new  crop — apples — ^the  gross  sales  of  which  amounted  in 
1007  to  $1,427.  This  crop  is  now  the  most  profitable  on  the  f:irrii. 
During  the  year  1909  the  sales  of  apples  amounted  to  $1,680. 
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CORN  AND  WHEAT. 


Tables  V  and  VI  relate  to  corn  and  wheat  production.  The  aver- 
age yield  of  Avheat  diirinir  these  years  Avas  18  bushels  an  acre;  that 
of  corn  nearly  40  bushels  (eight  barrels)  an  acre.  These  were  fair 
yields,  somewhat  above  the  average  for  this  region.  The  average  cost 
per  acre  of  raising  wheat,  as  given  in  this  table,  is  $6  an  acre.  In 
this  estimate  the  rent  of  land  and  the  cost  of  superintendence  are 


^       IS92      93       94       95        96       97        98       99       I9Q0     01        02        03       04       05       06       07       08       09        1 

4000 
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3600 
3400 
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Fig.  6. — Diagram  showing  the  annual  net  income  from  the  farm  and  the  annual  gross 
income  from  wheat  and  corn. 

not  included.  It  is  believed  that  these  figures  fairly  represent  the 
cost  of  raising  wheat  in  this  region. 

The  tables  show  no  record  of  the  cost  of  raising  com.  The  owner 
estimates,  however,  that  it  costs  more  to  raise  corn  than  wheat. 

Hay  on  this  farm  is  handled  by  modern  machinery.  It  has  pro- 
duced on  the  average  about  \\  tons  per  acre. 
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'r.Md  /'/  and  comI  of  wheat  crop,  i89i  to  1908^  incluaivr. 


1  ■ 

1LR)7. 
190S. 


o'l  : 

maua 


An»u. 


A  cre». 
63 
73 
55 
68 
55 
04 
70i 
112 
82 
90 
100 
100 
91 


( •fy.t  f>f  I 
Virl.l        f-'      ' 
I»«r  aero. 


21 

26) 

19 

18 

25 

22 

15 

23J 

17 

12J 

10 

15 

17 

20 

13 

16 

10 


Total 


Total 
cost  prr 
bushi'l. 


SelllnK   I  rroOi 
|»r1re  por  :     prr 
bliJllv!.    :    lu-ro. 


J2.  70 

17.  M 

K).  30 

2.12 

6.78 

.22 

1.20 

4.69 

.24 

.90 

4.65 

.25 

1.12 

4.30 

.17 

1.35 

6.95 

.27 

1.04 

6.32 

.42 

1.41 

6.41 

.27 

1.25 

6.04 

.35 

1.70 

6.71 

.53 

1.17 

6.30 

.03 

.98 

4.80 

.32 

1.17 

6.84 

.40 

1.55 

6.96 

.34 

2.38 

7.40 

.57 

1.-35 

6.92 

.43 

2.00 

5.47 

..M 

K). 


$.5.04 
A.  64 
7.86 
6.15 

14.10 

16.05 
3.58 
9.92 
.5.62 
2. 05 
1.50 
7.95 
6.76 

10.34 
2.21 
7.32 

12.93 


>r,  st»ed,  and  fertilizer  is  included  in  the  estimated  cost  for  each  year,  the  labor  being  esli- 
s  of  what  it  would  cost  to  hire  the  work  done  at  the  market  price. 


Tabi.k  VI. —  Vivid  o/  mm  and  inuc  iter  barrel  of  crop,  1802  to  JUOH,  inrlusirc. 
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Area. 

i 

Total 

Yield 

yield. 

peracre.a 

.1  ores. 

Barrelt. 

BarreU. 

44 

440 

10.0 

55 

160 

3.1 

45 

291 

0.5  ! 

.71 

29.-? 

1 1:, 

s.  1 

I'JO.j 
1900 
1907 
1908 


.'.11 

1^7 

(i.  2 

I.II 

):;^ 
:,):, 

7.3 

9.9 

■■■^ 

!•^^ 

!"-' 

X.4 
7.5 

;s 

■  •\n 

'.♦.0 

42 

191 

11.7 

40 

320 

8.0 

44 

397 

9.0 

44 

300 

6.8 

l^rn  «•  |HT 
barrel. 


J.  (t«» 
1.25 
1..W 
1.00 
1.25 
1.'25 
1.50 
1.75 
2.25 
2.00 
2.00 
2.25 
2.00 
2.00 
2.50 
2.50 


WHAT  THE  FARM  HAS  BEEN  MADE  TO  ACCOMPLISH  FOR  THE 

FAMILY. 


An  attempt  has  been  made  thus  far  in  the  record  given  to  set  forth 
the  actual  ojxirations  of  the  farm.  They  are  not  set  forth  as  m* '^'^- 
On  the  whole,  however,  they  represent  good  farm  practice. 

To  just  what  degree  this  family  has  l)eeii  successful  depends  upon 
the  point  of  view  taken.  The  financial  record  might  seem  to  some 
di.sappointing,  considering  the  amount  invested  an<l  the  numlx»r  of 
jx^ople  taking  part  in  the  lalx)r  producing  these  result.^.  In  terms 
of  dollars  and  cents  it  might  not  lx»  considered  a  paying  business. 
On  the  other  hand,  if  we  consider  the  results  produced  through  the 


4;::l' 
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use  made  of  the  net  income,  the  farm  tells  a  different  and  a  more  satis- 
factory story.  As  was  stated  in  the  introduction,  the  intention  in 
going  on  the  farm  Avas  not  primarily  to  increase  the  income,  nor  were 
money  profits  more  than  a  secondary  consideration.  In  the  first 
place,  the  father  was  ill  and  was  told  by  his  physician  that  he  could 
not  live  another  year  in  the  city  if  he  continued  his  business.  Some 
of  the  children  were  very  young,  while  others  were  ready  to  enter  the 
university.  In  order  to  measure  success  from  the  standpoint  of  the 
father  and  the  mother  we  must  know  al)out  the  family  and  what  it 
has  accomplished  and  is  doing. 

The  boys  have  graduated  from  a  State  university  and  the  girls  have 
been  educated  by  private  tutors  and  in  girls'  schools.  At  the  present 
time  two  sons- are  lawyers,  one  a  minister,  one  a  professor,  one  a  civil 
engineer,  and  one  a  farmer.  The  education  of  the  children  has  cost 
the  farm  about  $10,000.  During  the  time  the  children  Avere  being 
educated  there  was  no  income  except  from  the  farm.  At  the  present 
time  these  sons  and  daughters  are  profitably  employed  in  honorable 
and  useful  occupations.  While  but  three  remain  on  the  farm,  one 
son  and  two  daughters,  all  are  following  their  present  callings  with 
the  end  in  view  of  buying  farms  on  which  to  make  their  homes. 

Each  year  all  members  of  the  family,  including  grandchildren, 
spend  their  vacations  on  the  farm.  This  is  usually  in  harvest 
and  haying  time,  so  that  no  extra  labor  is  hired  during  these  farm 
operations. 

The  father  declares  that  he  has  improved  in  health  every  year  since 
coming  on  the  farm.  Xoav  TO  years  of  age,  he  superintends  all  farm 
operations  and  knows  the  details  of  everything  that  is  going  on.  He 
still  enjoys  good  health  and  is  fairly  strong,  being  able  to  walk  to 
every  part  of  the  farm.  It  must  be  remembered  that  he  came  on  the 
farm  long  after  most  farmers  begin  to  think  of  retiring,  being  then 
60  years  of  age. 

The  farm  work  is  not  regarded  as  drudgery,  and  there  is  an  atmos- 
phere of  refinement  about  the  home  that  indicates  a  wholesome  life 
on  the  part  of  the  family.  Everyone  on  the  farm  is  occupied  Avith 
some  kind  of  work,  and  the  farm  operations  go  on  in  a  businesslike 
manner,  but  no  one  is  rushed  or  overAvorked.  The  mother  is  Avell 
preserA'ed  and  A^gorous,  with  no  trace  of  overwork,  though  she  has 
always  been  actiA^e  in  the  management  of  the  home  and  farm.  She 
belieA'es  that  the  farm  life,  on  the  Avhole,  has  been  easier  for  her  and 
more  enjoyable  than  the  life  in  the  city.  Every  member  of  the 
family  is  in  loA^e  Avith  farm  life  and  expects  to  live  on  a  farm  Avhen 
conditions  permit. 
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SOCIAL  AND  AGRICULTURAL  PROBLEMS  SATISFACTORILY 

SOLVED 

(1)  A  proic-Moiijii  iiiiMi.  witii  IK)  prcN mils  ('xjumh'iicc  a?-  a  fanner, 
with  a  largo  and  expensive  family,  is  able  to  rear  and  educate  his 
children  on  the  ineome  of  a  well-located  farm  of  380  acres  of  gmnl 
luul  with  a  modernized  dwell  in*;  upon  it  (fig.  7).  On  a  salary  of 
-:*.,000  in  the  city  the  same  amount  of  money  coidcl  not  have  been 
xpended  on  their  education  and  a  fair  standard  of  living  maintained. 
I'his  fact  is  indicated  in  the  inventory  of  180*2,  which  showed  the 
present  worth  of  the  family  to  be  $11,0*28,  about  $5,000  of  which  rep- 
resented the  savings  of  22  years,  the  remainder  being  inherited.  The 
present  worth  of  the  family,  as  represented  by  the  farm  in  11)00,  is 
$37.r)()2.     About  $15,000  of  this   increase   in   ])resent    worth    is   due 


Fiu.  7. — Tlu'  family  lioint',  Iniilt  for  ((dufort  uutl  ftuuuiu.v   ui  lai'i   in  lnuisrliold  work. 

)  increase  in  land  values.     This  leaves  nearly  $12,000  to  represent 

livings  dnrinir  the  period   wlien   tlie  cliildron   wore   receiviu^r  thoir 

lucatioi; 

I>Usinc>s    iriuiiiii^    aiHi    cxpi'iu'iicc    ii;i\t'    imm-ii    mi|M»ii:Mii     liniMi^    m 
ilie  success  achieved.     The  father,  who.  at  the  age  of  T(».  still  keeps 

11  touch  with  all  tlie  farming  operation.s,  says:  ^'  My  life  as  a  soldier 

lught  me  how  to  ol)ey  and  command,  liow  to  economize  and  endure. 
My  life  in  the  city  as  a  lawyer  in  chartre  of  a  title  and  trust  company 

lUght  me  system  and  business  methods,  all  of  which  were  valuable 
lo  me  on  the  farm." 
r.v2 
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A  fact  of  special  importance  in  this  record  is  that  these  results 
Avere  accomplished  by  following  the  established  methods  of  farming. 
The  yields  are  a  little  above  the  average  for  the  community,  because 
of  more  thorough  tillage  methods,  but  no  extraordinary  yields  are 
recorded.  The  diar}^  kept  b}^  the  farmer  and  the  history  as  Avritten 
show  keenness  and  foresight  in  adjusting  crop  and  stock  products 
to  market  conditions.  The  management  of  farm  operations,  although 
adjusted  to  the  comfort  and  tastes  of  the  family,  have  been  conducted 
strictly  on  economic  principles.  From  this  standpoint  a  problem  of 
great  interest  and  importance  has  been  worked  out  on  this  farm. 

(2)  The  members  of  the  family  believe  they  have  had  more  oppor- 
tunities in  the  way  of  general  culture  gained  by  travel,  etc.,  than 
would  have  been  possible  for  them  in  the  city.  Socially  they  think 
there  has  been  no  essential  loss;  in  fact,  it  is  quite  probable  that  the 
farm  life  has  given  better  opportunities  for  culture  of  the  most 
wholesome  kind  than  the  city  would  have  afforded. 

(3)  The  labor  problem  has  been  satisfactorily  solved  on  this  farm. 
With  such  wages  as  the  farm  could  pay,  the  laborers  have  been  able 
to  accumulate  sufficient  property  in  a  few  years  to  take  up  farming 
for  themselves.  At  the  same  time  the  women  of  the  family  have 
been  relieved  of  extra  work  and  responsibility  necessarily  attending 
the  boarding  and  lodging  of  laborers;  also  the  family  life  has  been 
more  homelike.  The  service  secured  in  this  way  has  been  good,  and 
on  the  whole  the  relations  between  employer  and  employed  have 
been  remarkably  satisfactory. 

(4)  It  has  been  found  practicable  and  beneficial  to  train  the  chil- 
dren through  occupations  which  require  them  to  assume  responsibil- 
ity. As  an  inducement  to  make  the  chosen  line  interesting  and  as  an 
incentive  to  industr}^,  the  profits  of  the  industries  on  the  farm  went 
to  the  children  managing  these  departments.  It  is  the  testimony  of 
all  who  know  the  family  that  the  children  are  all  efficient  managers. 

(5)  It  has  been  demonstrated  on  this  farm  that  an  acre  of  garden, 
without  any  particular  specialization  in  crop  methods,  can  be  made 
to  pay  the  expenses  of  the  table  for  a  large  family. 

(6)  The  value  of  agricultural  literature  to  the  farmer  is  clearly 
demonstrated  on  this  farm.  Asked  what  benefit  such  literature  had 
been  to  him,  the  father  replied :  "  I  would  have  been  blind  without 
it."  The  knoAvledge  of  spraying  for  San  Jose  scale  saved  a  valuable 
orchard  which  is  to-day  the  most  profitable  part  of  the  farm.  Fif- 
teen or  twenty  well-chosen  works  on  farming,  with  selected  bulletins 
from  State  experiment  stations  and  from  the  United  States  Depart- 
ment of  Agriculture,  constitute  an  important  part  of  the  farm 
library.     Several  standard  agricultural  papers  are  also  taken. 

432 


HOW  A  CITY  FAMII,Y    MANAOKD   A    FARM.  25 

A  SERIOUS  PROBLEM. 

Since  1005  thoiv  has  Ikhmi  a  marked  increas<»  in  {\\v  in^ouu-  ol  this 
farm,  due  principally  to  the  apple  crop.     About  the  same  time  a 
harp  advance  took  place  in  the  price  of  field  crops  and  of  live  stock, 
and  these  prices  have  advanced  since.     As  a  result  of  these  condi- 
tions the  net  income  for  1009  was  $5,197.50,  the  largest  in  the  history 
f  the  farm.     That  the  advance  in  income  is  not  due,  however,  to 
iicreased  productivity  of  the  soil  is  disclosed  by  the  records  of  the 
;irm.     An  examination  of  Tables  V  and  VT  shows  that  wheat  has 
Increased  in  yield  per  acre  to  a  marked  extent  during  the  last  half 
if  the  seventeen  years.     The  average  yield  of  this  crop  during  the 
first  half  of  this  period  was  21  bushels,  and  during  the  last  half  15 
iishels  per  acre.     Corn,  however,  made  an  average  of  35  bushels 
per  acre  during  the  first  period  of  eight  years  and  43.5  bushels  dur- 
ing the  last  nine  years.     On  the  other  hand,  clover  and  timothy  have 
about  held  their  own  in  yield  during  the  entire  period,  the  average 
l)«Mng  about  1}  tons  per  acre.     The  increase  in  the  yield  of  corn  may 
!►('  accounted  for  largely  by  an  important  change  in  the  method  of 
illage.     The  proprietor  of  the  farm  now  gives  corn  shallow  culti- 
Nution  during  the  last  two  times,  whereas  formerly  he  followed  the 
usual  custom  of  cultivating  deep  at  all  times  and  "hilling  up"  the 
orn  at  the  last  cultivation.     This  method  of  cultivation,  together 
with  an  increase  in  the  depth  of  plowing,  which  is  now  9  to  10  inches, 
lias  greatly  increased  the  yield  of  corn.     It  is  to  be  noted  also  that 
a  small  quantity  of  lime,  300  to  400  pounds  per  acre,  was  put  on  the 
'and  at  intervals  with  beneficial  results  to  clover  and  thus  indirectly 
(>  corn. 

A  statement  in  a  letter  lately  received  from  this  farmer  shows  that 
;lie  soil  has  been  held  up  to  a  normal  standard  of  productivity  with 
Lii'eat  difficulty  and  is  in  danger  of  decline.  He  says:  ''We  are  not 
getting  the  results  for  our  labor  and  land  that  we  should.  I  think 
we  must  work  out  a  rotation  that  will  give  us  larger  yields  of  wheat. 
This  I  think  can  be  accomplished  b}'  getting  rid  of  the  sorrel  in  our 
land  and  growing  more  clover  and  other  leguminous  crops.  The 
wheat  crop  is  the  measure  of  all  other  values  as  a  rule,  and  if  we  can 
irrow  more  and  cheaper  wheat  it  will  do  more  to  reduce  the  cost  of 
living  than  almost  anything  else." 

This  farm  has  a  very  good  financial  record,  due  to  intelligence  and 

the  application  of  business  methods  in  management.     But  one  of  the 

-sential  factors  in  the  management  of  a  fann  is  maintaining  or 

irengthening  those  soil  conditions  w^hich  are  favorable  to  the  pro- 

luction  of  such  value-producing  crops  as  it  seems  desirable  to  raise. 

If  such  conditions  are  not  maintained  certain  weed  pests,  which 

find  the  soil  favorable,  come  in  and  take  the  place  of  cultivated  crops. 
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The  farmer  is  often  misled  by  this  fact  and  regards  the  presence  of 
weeds  as  the  direct  agent  preventing  the  vigorous  growth  of  crops, 
whereas  the  real  cause  may  be  the  lack  of  a  proper  environment  for 
the  crops.  For  this  reason  attempts  are  often  made  to  subdue  weeds 
by  cultivation  alone,  which  is  only  partially  successful  and  adds 
unnecessary  expense. 

The  fact  that  sorrel  is  a  pei-sistent  and  troublesome  weed  on  this 
farm  is  evidence  that  fundamental  conditions  of  soil  are  defective 
and  that  other  methods  besides  cultivation  must  be  planned  to  sub- 
due it  and  allow  the  desirable  crops  to  take  its  place. 

It  is  suggested,  therefore,  that  a  rotation  of  crops  and  some  system 
of  cultivating  the  soil  be  adopted  which  will  build  up  and  maintain 
the  land  in  a  condition  which  will  better  enable  the  cultivated  crops 
to  combat  the  weed  enemy  in  the  struggle  to  possess  the  soil. 

The  practice  of  liming  the  soil  is  found  to  be  beneficial  in  this 
region,  stimulating  the  growth  of  clover  and  thus  tending  to  elimi- 
nate the  sorrel.  On  this  farm  lime  could  be  applied  at  little  expense, 
since  in  many  places  limestone  rock  crops  out  at  the  surface.  This 
rock  could  be  blasted  out  and  either  ground  or  burned  to  be  scattered 
on  the  land.  This  could  be  done  at  shorter  intervals  than  formerly 
or  a  heavier  application  made  of  1,000  or  2,000  pounds  to  the  acre. 

Besides  the  use  of  lime  and  commercial  fertilizer  the  following- 
rotations  are  suggested,  the  practice  of  which  would  speedily  suppl}" 
humus  and  nitrogen,  materials  which  are  essential  in  maintaining  the 
soil  in  a  condition  favorable  to  field  crops : 

Corn  phis  crimson  clover  or  rye  and  hairy  vetch. 

Cowpeas. 

Wheat. 

Hay  (6  pounds  of  clover  seed  the  following  sprins;). 

Pasture. 

Crimson  clover  has  not  generally  proved  successful  here  and  should 
be  tested  on  a  small  area  before  sowing  a  large  quantity.  Three  con- 
ditions at  least  are  essential  for  a  satisfactory  growth  of  crimson 
clover.  The  soil  must  be  inoculated  with  the  proper  bacteria,  it  must 
contain  a  fair  amount  of  humus  and  nitrogen,  and  the  seed  must  be 
sown  sufficiently  early  in  order  to  make  a  vigorous  growth  before 
winter. 

Rye  and  hairy  vetch  are  adapted  to  more  general  conditions,  may 
be  sown  later  than  crimson  clover,  and  will  grow  under  conditions 
that  will  not  produce  crimson  clover.  It  is  essential  that  the  land 
be  artificially  inoculated  for  hairy  vetch  unless  the  bacteria  are  known 
to  be  in  the  soil.  The  6  pounds  of  clover  seed  to  be  sown  the  spring 
following  the  hay  crop  are  essential  in  getting  a  stand  of  clover  to 
plow  under  the  next  year  for  corn. 
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Alfalfa  may  bo  tj^rown  s^iicct'ss fully  on  rloan  and  fertile  land  in  ihis 
region.  Wlu»n  these  conditions  can  Ik»  met  the  following:  rotation  ia 
advised : 

I'orJl    |tlllS    t  rilllS«Ml    .i..><i     .'i      i\<-    i:i,n     11,111   \         .1      :: 

CowiH»as. 

Wheat. 

Alfalfa. 

Alfalfa. 

Alfalfa. 

On  land  that  is  fairly  rich  in  nitrogen  and  humus,  if  the  problem 
were  simply  to  maintain  fertility,  a  shorter  rotation  could  he  adopted 
l)y  cutting  out  one  year  of  wheat  on  this  farm,  making  it  a  four-year 
rotation,  which  would  have  the  cfl'ect  of  growing  more  legumes.  It 
lias  been  demonstrated  that  such  a  rotation  as  this  would  gradually 
increase  the  nitrogen  and  humus  content  of  the  soil.  Minnesota 
Agricultural  Experiment  Station  Hulletin  No.  lOi)  gives  the  results 
of  experiments  carried  on  in  several  places  through  a  series  of  10 
years  with  a  rotation  of  corn,  wheat,  hay,  and  pasture,  and  it  was 
found  that  the  humus  and  nitrogen  could  not  only  U*  maintained  l)ut 
increased. 

One  or  liie  otlier  of  the  two  rotations  first  suggested  will  no  doubt 
l)e  adopted  on  this  farm,  at  least  until  the  land  is  built  up  to  a  normal 
tandard. 

FARM  IMPLEMENTS  AND  THEIR  COST. 

The  following  is  a  complete  list  of  the  machinery  and  implements 
used  on  the  farm  described  and  their  cost : 

List  of  farm  implements  and  their  cost. 

1  seven-f(K>t-ciit  wheat  hinder $135 

1  slx-fool-cut  wheat   hiiuler — old — for  use  in  case  the  other  pots  out  <>f 

repair  KK) 

1   five- foot  mower .V) 

1   fonr-foot   mower _  30 

1  manure  spreader _  SO 

1  ten-spout  wheat  hoe  drill-                                                                            ._  75 

1  eight-spout  wheat  disk  drill       -    -    _        W 

2  dislc  harrows  (one  tongueless) 50 

2  spring-tooth   harrows 27 

2  spike-tooth   harrows 1 24 

2  two-horse  chilled  plows 12 

2  three-horse  ehilled  plows IS 

2  walking  wheeled  double  cultivators  50 

t  double-shovel   plows 10 

1  double  smoothing  harrow-  12 

1   two-row  disk  corn  planter 40 

1  single-row  corn  planter __«.— 12 
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1  iron  roller $12 

1  plank  drag 2 

1  hay  loader 60 

1  side-delivery   horserake 40 

2  siugle-liorse    cultivators i 14 

2  four-horse    wagous 120 

1  two-horse    wagou 50 

2  road  beds  for  wagons 40 

2  hayracks 20 

1  steel  spring-tooth  hayrake   (10  feet) 20 

1  spring-tooth    weeder 9 

1,157 
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CAB13AGB. 


INTRODUCTION. 

Cabbajje  is  ono  of  tho  most  universally  cultivated  of  our  jjarden 
plants.  Although  it  is  one  of  the  coarser  vejjetables  it  finds  a  })laco 
ill  the  home  pirden  as  well  as  in  tho  market  jjjarden  and  truck  farm. 
In  some  sections  of  tlw  Tainted  Stales  cahh.L*'-*'  is  cxtcnsix civ  <'T(>\vn 
as  a  farm  crop. 

Accordin<T  to  the  last  census  .New  York  State  i^rew  more  tiian 
L' 5,000  acres  of  cabba»(e;  Pennsylvania,  nearly  11,000;  while  Vir«i:inia 
grew  about  10,000  acres.  The  three  States  mentioned  outrank  all 
others  by  at  least  2,000  acres.  Xo  adequate  estimate  can  be  j)laced 
on  the  value  of  this  crop,  as  it  fluctuates  \vvv  decided  I  \  Ix.lli  in 
<  reage  and  in  price,  from  year  to  year. 

Cabbage  culture  naturally  falls  under  two  iieads:  (1)  Tiie  truck 
1  rop  of  the  South  and  the  early  market-garden  crop  of  the  North, 
both  based  on  early-maturing  sorts,  and  (2)  the  autumn  crop  of 
the  farm  and  gardens  of  the  North,  based  on  the  more  robust-growing 
varieties  classed  as  late  cabbage. 

Early  cabbage  is  practically  all  consumed  as  a  green  vegetable. 
Tlie  late  crop,  on  the  other  hand,  is  handled  as  a  fresli  vegetable,  as  a 
storage  crop,  and  for  the  manufacture  of  sauerkraut.  Cabbage  is 
dways  in  demand,  and  under  present  conditions  it  is  alw^ays  avail- 
able, either  as  the  product  of  a  southern  tnick  farm  or  a  northern 
farm,  garden,  or  storage  house. 

The  group  of  cultivated  plants  wliicli  has  been  derived  from  the 
wild  cabbage  presents  a  greater  diversity  of  form  than  that  derived 
from  any  other  single  ancestral  type. 

Wild  cabbage  is  a  robust-growing  broad-leaved  plant  enjoying  the 
low,  moist  areas  near  the  seacoast  of  southern  Europe.  The  most 
closely  allied  form  now  m  cultivation  is  the  collard.  The  wide  varia- 
tion in  the  group  is  illustrated  by  the  diversity  of  form  shown  in 
collards,  kale,  tree  cabbage,  marrow  kale,  cauliflower,  and  Brussels 
sprouts.  It  is  almost  beyond  the  bounds  of  reason  to  beheve  that  all 
these  forms  have  been  derived  from  a  common  parentage,  yet  such 
is  the  fact. 
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CABBAGE. 


CABBAGE  AS  A  TRUCK  CROP. 


INFLUENCE  OF  CLIMATE. 


The  cultivation  of  cabbage  as  a  truck  crop  at  the  South  is  so  differ- 
ent from  its  culture  at  the  North  that  this  industr}^  is  one  of  the  most 
interesting  of  the  truck-crop  g^oup. 

The  winters  of  the  Atlantic  seaboard  from  Baltimore  southward 
are  comparatively  mild.  Cabbage  grown  from  seed  sown  in  Septem- 
ber and  transplanted  to  the  open  in  December  can  be  successfully 
carried  through  the  winter  by  planting  it  on  the  side  of  a  ridge  so 
as  to  protect  it  from  the  prevailing  winds.  The  ridge  should  be  at 
right  angles  to  the  direction  of  the  prevaihng  winds,  if  possible,  unless 
this  would  necessitate  placing  the  plants  on  the  north  side  of  the  ridge. 

The  dates  of  seed  sowing  and  transplanting  to  the  field,  the  direc- 
tion of  the  ridges,  and  the  position  of  the  plants  on  the  ridge,  are 


Fig,  1.— a  good  field  of  early  cabbage  in  the  trucking  section. 

varied  to  conform  to  the  conditions  in  the  various  localities.  Near 
Baltimore,  for  instance,  it  is  imperative  that  tlie  plants  be  set  the  last 
of  November  on  the  side  of  the  ridge,  while  in  the  Charleston  district 
of  South  Carolina  the  planting  season  is  later  (early  in  December) 
and  the  plants  may  be  set  on  top  of  the  ridge  instead  of  on  the  side. 
Most  varieties  of  cabbage  are  hardy  enough  to  live  through  the 
winter  and  at  the  same  time  make  considerable  root  growth.  Cab- 
bage wliich  has  safely  passed  the  winter  under  such  conditions  is 
prepared  to  make  rapid  growth  on  the  arrival  of  congenial  weatlier 
in  the  spring.  As  a  result,  cabbage  so  handled  is  ready  for  market 
early  in  the  season,  as  is  indicated  by  figure  1 . 
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t'ABHAUE.  , 

SOIL. 

Wliile  cabbage  will  thrive  upon  a  wide  diversity  of  soil  types,  the 
soil  wliioh  is  usually  selected  for  truck-farm  operations  is  what  {gar- 
deners call  a**(|uick  soil" — onecompostnl  of  sand  with  a  small  percent- 
age of  clay.  Mucli  of  the  soil  of  the  important  trucking  region  of  the 
Atlantic  seaboard  consists  of  the  type  denominated  ''Norfolk  sand" 
or  ** Norfolk  sandy  loam."  This  soil  can  not  be  said  to  be  ideal  for 
cabbage,  but  suits  it  better  than  would  the  more  retentive  soils  because 
of  the  season  at  wliich  the  crop  is  desired.  Quick  growth  and  devel- 
opment is  a  prime  requirement  in  all  truck-farming  operations. 
Sandy  soils,  because  they  contribute  to  this  end  and  because  they 
can  be  cultivated  at  a  season  when  it  would  be  impossible  to  handle 
heavy  soils,  are  almost  universally  chosen  for  truck-farming  opera- 
tions. 

FERTILIZERS. 

The  soil  for  cabbage  should,  if  possible,  be  an  area  upon  which  a 
green  crop  or  a  liberal  application  of  stable  manure  can  be  turned 
under  pre\aous  to  planting  in  the  fall.  If  fertilizers  are  used  at  plant- 
ing time  tliey  should  carry  normal  quantities  of  phosphoric  acid 
and  potash,  but  only  a  small  percentage  of  nitrogen.  There  are  two 
reasons  for  this:  (1)  A  slow  vegetative  growtli  is  desired  at  this  sea- 
son in  order  that  the  plant  may  be  prepared  to  withstand  the  most 
trying  period  of  the  winter;  (2)  nitrogen,  if  appUed  liberally  when  the 
plant  is  small,  w411,  because  of  its  solubility,  be  lost,  as  the  plant  will 
not  be  able  to  use  it  as  fast  as  it  becomes  available.  Then,  too,  a 
liberal  amount  of  nitrogen  available  at  tliis  period  would  induce  a 
raj)id,  succulent  growth  which  would  make  the  plants  tender  and 
unfit  them  for  passing  the  severe  weather  of  the  winter. 

A  satisfactory  fertilizer  for  the  planting  season  w41l  carry  IJ  or  2 
per  cent  of  nitrogen,  6  to  8  per  cent  of  phosphoric  acid,  and  about 
10  per  cent  of  potash.  This  fertilizer  should  be  scattered  broadcast 
over  the  area  at  the  rate  of  1,000  to  1,500  pounds  per  acre. 

At  the  approach  of  the  growing  season  the  development  of  ihc 
cabbage  should  be  stimulated  by  applying  a  side  dressing  of  150  to 
200  pounds  of  a  fertilizer  carrying  a  high  percentage  of  nitrate  of 
soda  or  sulphate  of  ammonia  with  little  or  no  phosphoric  acid  or 
potash  in  it. 

Experience  has  proved  that  it  is  best  to  induce  only  a  moderate 
growth  in  the  cabbage  immediately  after  planting,  so  that  the  leaves 
.4iall  be  firm  and  tough  to  resist  any  severe  changes  of  temperature 
which  may  occur  during  the  winter  montlis.  The  nitrogenous  ferti- 
lizer, therefore,  is  largely  eliminated  from  the  application  made  at 
planting  time  and  resers'ed  until  the  opening  of  the  true  growing 
season,  which  a^tII  vary  in  different  localities  according  to  the  latitude 
in  which  the  w^ork  is  being  conducted. 
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While  this  plan  of  applying  the  fertilizer  to  the  growing  crop  is  of 
utmost  importance,  it  should  not  be  forgotten  that  potash  is  the 
important  element  in  a  fertilizer  for  cabbage. 

SEED. 

In  no  truck  crop  does  the  character  of  the  seed  count  for  more  than 
in  cabbage.  It  is  very  essential  that  the  crop  come  to  marketable 
maturity  early,  that  the  heads  be  uniform  in  size  and  character,  and 
that  they  mature  so  that  the  whole  crop  can  be  harvested  at  two 
cuttings.  The  small  saving  made  by  the  purchase  of  cheap  or 
inferior  seed  is  usually  paid  for  a  hundred  times  over  in  the  lessened 
value  of  the  crop.  A  grower  can  not  afford  to  risk  his  crop  for  so 
small  a  saving.  The  best  seed  that  can  be  obtained  is  none  too 
good,  and  anything  short  of  this  is  not  good  business.  Without 
highly  viable  seed  of  a  good  strain,  true  to  type,  the  best  results  can 
not  be  expected. 

THE  CROP  IN  THE  SEED  BED. 

Cabbage  plants  for  a  truck  crop  are  grown  in  large  beds  prepared 
in  the  open  field.  The  seed  beds  should  be  prepared  in  a  new  place 
each  year.  The  area  should  be  one  on  which  neither  a  crop  nor  a 
seed  bed  of  cabbage  has  been  grown  for  six  or  seven  years,  to  safeguard 
the  plants  against  disease.  The  seed  is  usually  sown  broadcast  or 
in  close  drills  in  late  September  or  early  October,  in  order  that  the 
growing  plants  may  be  available  for  transplanting  to  the  field  during 
the  last  half  of  November  or  in  early  December,  according  to  the 
location  in  which  the  work  is  being  carried  on.  The  seed  should  be 
sown  thinly,  so  as  to  insure  stocky  plants. 

In  some  localities  the  production  of  plants  for  transplanting  pur- 
poses is  an  important  commercial  industry.  A  few  growers  in  the 
neighborhood  of  Charleston,  S.  C,  conduct  a  business  which  enables 
them  to  supply  plants  for  transplanting  purposes  in  carload  lots. 
Under  ordinary  conditions,  however,  the  plants  for  transplanting 
are  grown  by  the  trucker  and  transferred  directly  from  the  seed  bed 
to  the  field. 

Under  normal  conditions  one-fourth  of  a  pound  of  seed  in  the 
seed  bed  will  supply  plants  for  setting  an  acre  in  the  field. 

TRANSPLANTING  TO  THE  FIELD. 

At  the  time  of  setting  the  plants  in  the  field,  if  transplanted  by 
hand,  they  should  be  lifted,  puddled,  set  with  a  dibble,  and  firmed 
by  a  second  thrust  of  the  dibble.  If  set  by  a  transplanting  machine 
the  soil  will  be  firmed  by  the  compression  wheels  or  firming  blades 
of  the  machine.  The  usual  practice  throughout  the  southern  truck- 
ing area  is  to  throw  up  ridges  at  right  angles  to  the  prevailing  winds, 
which  usually  means  that  ridges  are  made  east  and  west,  and  on  the 
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south  side  of  tliost^  ridpjos,  about  a  third  of  the  distance  from  the 
bast*  to  the  top,  the  cabbafije  |)hvnts  are  set  13  to  18  inches  a|)art. 
If  at  the  time  of  transplanting];  the  weather  is  warm  and  evaporation 
is  rapid  it  is  advisable  to  prune  o(T  about  half  the  leaf  area  of  the 
plants  in  order  that  evaporation  may  be  diminished  nuA  the  j)lMiit 
receive  less  check  than  it  othenvise  would. 


CULTIVATION. 


At  the  season  of  the  year  following  transplanting,  little  cultivation 
will  be  necessary,  as  weeds  will  jj^row  slowly  if  at  all. 

Cultivation  can  therefore  be  deferred  until  the  active  growing 
period  in  the  spring.     Care  should  be  taken,  however,  to  prevent 


Fio.  2.— A  field  of  cabbage,  showing  the  spring  appiicaliou  of  fertilizer  to  each  alternate  "middle." 

weed  growth  which  shall  in  any  way  interfere  with  the  development 
of  the  young  cabbage  plants.  After  the  side  dressing  of  fertilizer  in 
the  spring,  cultivation  will  tend  to  bring  the  soil  to  a  more  nearly 
level  condition. 

The  side  dressing  of  fertilizer  is  applied,  as  shown  in  figure  2,  to  each 
alternate  ''middle,"  and  the  distributers  are  so  constructed  that  the 
fertilizer  is  applied  to  two  rows  of  plants  at  one  oj>eration. 

ENEMIES. 

In  the    trucking   region    important    enemies  of  the   cabbage   are 

the   harlequin  cabbage    bug,   w^hich  sometimes  causes  considerable 

damage  to  the  plant  beds  in  the  fall;  the  cabbage  worms,  which 

in  some  instances  cause  considcra])^'  loss:  and  the  cdbbaorc  ''louse." 
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The  harlequin  cabbage  bug. — Tlie  most  eflfective  means  of  con- 
trolling the  harlequin  cabbage  bug  are:  (1)  Careful  cultural  methods, 
which  must  be  interpreted  to  mean  not  only  good  cultivation  but 
the  gathering  and  removal  of  all  cabbage  refuse  from  the  field  in 
the  autumn;  (2)  the  use  of  trap  or  decoy  crops  like  mustard  upon 
which  the  insects  gather  and  where  they  can  be  sprayed  w^ith  pure 
kerosene  to  destroy  them;  (3)  gathering  of  tlie  adult  insects  and 
the  destniction  of  the  eggs  by  hand;  and  (4)  spraying  the  insects 
after  or  during  molting  with  strong  kerosene  emulsion,  or  whale-oil 
soap  at  the  rate  of  1  pound  to  8  gallons  of  water. ^ 

Cabbage  worms. — The  imported  cabbage  worm  and  some  other 
species  of  cabbage  worms  can  be  effectually  controlled  by  the  use 
of  (1)  Paris  green  at  the  rate  of  1  pound  to  50  gallons  of  water  or 
(2)  arsenate  of  lead  at  the  rate  of  4  pounds  to  50  gallons  of  water 
sprayed  on  the  young  plants  before  the  heads  are  well  formed.  This 
treatment  should  be  repeated  from  time  to  time  as  required  in  order 
to  protect  the  plants.  Where  a  few  plants  are  to  be  treated  insect 
powder  or  pyrethrum  is  sometimes  employed  for  the  control  of  the 
insect  by  dusting  it  upon  the  plants.^ 

The  cabbage  aphis. — Cabbage  aphides  or  ''lice"  are  controlled 
by  the  use  of  contact  insecticides  such  as  kerosene  emulsion  or  whale- 
oil  soap  or  other  soaps. 

Kerosene-soap  emulsion  is  prepared  by  combining  2  gallons  of  kerosene,  one-half 
pound  of  whale-oil  soap,  or  1  quart  of  soft  soap  with  1  gallon  of  water.  The  soap 
is  dissolved  in  boiling  water  and  then  poured  while  still  boiling  hot  (away  from  the 
fire)  into  the  kerosene.  The  mixture  is  then  churned  rapidly  for  about  five  minutes, 
pumping  the  liquid  back  upon  itself  by  means  of  a  force  pump  and  direct-discharge 
nozzle  throwing  a  strong  stream.  At  the  end  of  this  time  the  mixture  will  have  become 
of  the  consistency  of  thick  cream.  Properly  prepared,  an  emulsion  will  keep  almost 
indefinitely,  and  should  be  diluted  only  as  needed  for  use.  For  most  species  of 
aphides  the  staple  emulsion  should  be  diluted  with  from  10  to  20  parts  of  water.  In 
the  preparation  of  kerosene  emulsion  a  force  pump  is  a  necessity,  since  if  not  made 
according  to  directions  a  perfect  emulsion  is  not  formed.^ 

DISEASES. 

Among  the  field  troubles  to  which  the  cabbage  is  subject  none  is  of 
greater  economic  importance  than  clubroot.  This  disease  is  peculiar 
in  its  method  of  attack  and  in  the  way  in  which  it  perpetuates 
itself.  The  chief  danger  with  this  disease  arises  from  the  fact  that 
either  the  seed  bed  or  the  field  may  be  infected  and  thus  contaminate 
the  crop.  There  is  a  danger  then  in  purchasing  plants.  Infected 
plants  purchased  from  a  clubroot  seed  bed  might  be  the  means  of 
contaminating  one's  cabbage  land  with  the  disease.  Clubroot  is  a 
persistent  malady.     It  will  remain  in  the  soil  for  five  to  seven  years. 

1  See  Circular  No.  103  of  the  Bureau  of  Entomology. 

2  See  Circular  No.  60  of  the  Bureau  of  Entomology. 

3  See  Circular  No.  80  of  the  Bureau  of  Entomology. 
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Land  so  iufected  should  not  bo  used  for  cabbajje,  turnips,  rape,  mus- 
tard, or  any  other  phint  of  the  cabba^re  family.  The  rotation  of 
crops  to  the  exc  lusion  of  all  cabbajxe-like  plants  for  a  term  of  years 
is  the  only  safe  way  of  riddinj^  the  land  of  the  disease.  Tliis  applies 
with  equal  force  to  both  seed  bed  and  field. 

('abba«]:e  i)lant8  should  never  be  grown  in  a  seed  bed  from  which 
plants  showing  clubroot  have  been  taken,  and  a  field  producing  cab- 
bage with  clubroot  should  not  bo  replanted  in  cabbage  for  at  least 
seven  years.  This  indicates  the  import uiice  of  using  every  known 
precaution  agauist  the  introdue.liuJi  of  iliis  disease.  There  is  no 
satisfactory  remedy  kiiown  except  tliO  fc>llowing  *'D,oa'ts": 

(1)  Don't  sow  cabbage  seed  on  soil  infected  with. cl^C) root. 

(2)  Don't  plant  plants  grown  in  a  clubroot  infected  sgad  bt  i 

(3)  Don't  use  manure  containing  roots  of  cabbage  infected  y>i.ii  t  iuunHn  «ii  yiounu 
intended  for  the  culture  of  cabbi\ge  or  any  of  its  close  relatives."  -'. .»  /.  •" 

(4)  Don't  plant  cabbage  on  an  infected  field  within  six  or  seven  ypwy  ait^r  a  dis- 
eased crop  has  been  harvested.  •*;'''' 

(5)  Don't  grow  turnips,  rape,  mustard,  or  other  cabbage-like  plants  on  dubroot 
infected  soil  unless  you  wish  to  perpetuate  the  disease. 

^Vmong  the  diseases  wliich  are  at  the  present  time  causing  con- 
siderable annoyance  to  cabbage  growers  is  one  of  a  physiological 
nature  which  has  been  brought  about  by  improper  handling  of  the 
soil.  This  trouble,  it  is  believed,  is  chiefly  due  to  the  fact  that 
excessive  quantities  of  mineral  fertilizers  have  been  used  in  a  system 
of  farming  which  has  not  provided  a  proi)er  rotation.  The  residt  Is 
that  the  organic  matter,  which  is  naturally  very  low  in  these  soils, 
has  been  used  up  and  is  not  j)resent  in  sufficient  quantity-  to  counter- 
act or  neutralize  the  effect  of  the  mineral  fertilizers.  The  result  Is 
that  the  plants  are  practically  starved  to  death  in  the  presence  of  an 
abundant  food  supply  on  account  of  the  fact  that  it  is  not  presented 
in  the  proper  form.  Investigations  now  under  way  in  the  Bureau 
of  Plant  Industry  clearly  indicate  this  to  be  the  case,  and  from  what 
we  know  of  the  value  of  organic  matter,  such  as  stable  manure  and 
green  crops  turned  under  in  other  agricultural  operations,  it  is 
reasonable  to  suppose  that  the  benefits  which  have  come  from 
proper  crop  rotation  in  other  localities  will  be  equally  as  great  in  the 

trucking  region. 

HARVESTING. 

Cabbage  wliich  is  grow^n  as  a  truck  crop  is  harvested  as  soon  as  it 
has  attained  suilicient  size  to  be  placed  upon  the  market,  regardless  of 
its  stage  of  maturity.  The  first  shipments  of  cabbage  from  the  truck- 
ing regions  consist  of  very  small,  immature  heads,  often  with  many 
loose  leaves  upon  them.  As  the  season  advances,  the  quality  of  the 
product  improves  until  the  heads  are  very  closely  trimmed  and  care- 
fully packed.     The  customar}^  practice  is  to  drive  a  horse  and  cart  in 
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charge  of  a  gang  of  harvesters  across  the  field.  Each  man  follows 
two  or  tliree  rows,  according  to  the  stage  of  development  of  the  cab- 
bage, with  a  strong  knife  cuts  all  sufficiently  developed  heads  from 
the  rows  as  he   passes,  and  tosses  them  into  the  cart,  as  shown  in 
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Fig.  3.— Harvesting  cabbage  near  Portsmouth,  Va. 


figure  3.  The  harvested  heads  are  packed  either  in  crates  or  in 
barrels  according  to  the  locality  in  which  they  are  grown.  Cabbages 
from  the  Florida  and  Charleston  region  are  largely  shipped  in  crates 


Fig.  4.— The  type  of  cabbage  crate  used  in  the  Charleston  area. 

similar  to  those  shown  in  figure  4,  while  cabbages  from  the  Norfolk 
area  are  extensively  packed  in  ventilated  barrels  similar  to  those 
shown  in  figure  5,  although  a  considerable  proportion  of  the  crop 
from  this  region  is  packed  and  shipped  in  crates. 
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VARIETIES. 


The  varieties  of  c'al)l)a«^e  used  in  the  truekinj^  section  are  practically 
limited  to  the  AVakelield  type.  There  are  two  strains  of  this  type  of 
cabbajre  now  extensively  employed:  The  true  Jersey  Wakefield,  with 
its  small,  acutely  pointed  tip  and  \ory  firm,  tender  flesh  of  hij^h 
quality,  and  the  Charleston  Wakefield,  which  is  broader,  somewhat 
flatter,  more  obtusely  pointed,  and  slifjhtly  more  angular  in  cross 
flection  than  the  Jersey  type.  These  two  strains  of  cabbage  are  well 
illiisl  r:if  ('(]  in  figure  6. 

MARKETING. 

Cabbages  from  the  trucking  region  are  chielly  marketed  in  carload 
lots.     Long-distance  shipments  of  truck  crops  of  all  classes  are  most 


Fig.  5.— Cabbage  barrels  used  in  the  Norfolk- Portsmouth  region. 

economically  handled  in  this  manner;  in  fact,  it  would  be  impossible 
to  carry  on  the  trucking  enterprises  of  the  country  on  their  present 
scale  unless  it  were  possible  to  ship  such  commodities  in  carload  lots. 

The  truck-crop  cabbage  business  is  at  present  chiefly  conducted  on 
a  commission  basis,  although  in  a  few  sections  crops  are  grown  under 
contract.  Owing  to  the  perishable  nature  of  early  cabbage,  it  is 
probable  that  the  crop  will  always  be  extensively  handled  on  com- 
mission. 

An  item  that  should  be  considered  by  the  grower  of  early  cabbage 
for  the  northern  markets  is  the  quantity  of  cabbage  placed  in  storage 
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from  the  northern  fields.  A  short  crop  of  late  cabbage  at  the  North 
means  good  prices  for  early  southern-grown  cabbage.  Low  prices 
and  heavy  storage  of  the  northern-grown  fall  cabbage  usually  mean 
low  returns  for  early  southern-grown  cabbage.  The  importance  to 
the  southern  truck  farmer  of  keeping  close  tab  on  the  hold-over  crop 
of  the  North  in  order  that  he  may  not  be  the  loser  is  obvious. 

CABBAGE  AS  A  MARKET-GARDEN  CROP. 
EXTENT  OF  PRODUCTION. 

Cabbage  is  a  crop  which  is  grown  by  every  market  gardener 
located  within  wagon-hauling  distance  of  an  important  center  of 

consumption.  The 
statistics  of  the  dis- 
tribution of  the  cul- 
tivation of  cabbage 
clearly  indicate  the 
fact  that  this  is  one 
of  the  important 
crops  grown  by  mar- 
ket gardeners.  The 
counties  near  each  of 
the  important  cen- 
ters of  population  of 
the  United  States  are 
almost  universally 
credited  with  a  con- 
siderable acreage  of 
cabbage,  thus  show- 
ing that  the  garden- 
ers of  these  regions 
have  given  consider- 
able attention  to  the 
production  of  this 
crop. 

SOIL. 

The  soil  for  cab- 
bage must  necessa- 
rily vary  in  different 
localities.  In  one  area  it  may  be  of  an  alluvial  character,  while  in  an- 
other it  may  be  sedentary,  and  in  still  another  it  maybe  characteristic 
glacial  drift.  The  fact  that  cabbage  grows  well  in  all  these  soils  indi- 
cates its  adaptation  to  a  wide  range  of  conditions.  The  main  thing 
with  cabbage  is  an  abundant  supply  of  immediately  available  plant 
food.  Market  gardeners  rely  chiefly  upon  stable  manure  for  their  supply 
of  plant  food.     Fertilizers  also  form  an  important  item  in  the  expense 
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of  producinp:  oabbajjo  as  a  markct-jrardcn  crop,  the  quantity  used 
dopondin*;  upon  {\\v  (pinntily  and  cliaractor  of  the  supply  of  stable 
manure.  The  fertihzers  chielly  used  carry  a  hl)eral  percentaj^e  of 
avaUable  nitrojren  in  the  form  of  nitrate  of  soda  or  sulphate  of  ammonia 
(often  as  much  as  4  or  5  per  cent),  6  to  S  per  cent  of  phosplioric  acid, 
and  S  to  10  j)er  cent  of  potash.  As  a  result  of  the  wise  use  of  manure 
and  fertilizers  the  soils  of  the  market-j^ardenino;  zone  around  any  city 
or  larjre  town  rapidly  improve  in  fertility  and  the  <rardener  is  able  to 
jrrow  a  <!:reater  variety  and  lar<j:er  (junntities  of  products. 

In  the  truck-farming  area  a  few^  special  crops  are  j2:ro\^Ti  on  a  very 
extensive  scale,  while  in  market-j^arden  regions  a  great  many  crops 
are  grown  in  succession  on  a  comparatively  restricted  area.  Truck 
farming  is  in  reality  extensive  market  gardening,  while  market  garden- 
ing is  the  most  intensive  form  of  farming.  It  is  the  practice  of  many 
market  gardeners  to  plant  co a i-se-g rowing,  long-sea,son  crops  far 
apart  and  to  interplant  one,  two,  or  even  three  shoit-season,  quick- 
maturing  crops  between  them,  or  a  quick-growing,  short-season 
crop  may  be  phuited  tind  between  the  rows  a  crop  requiring  a  longer 
season,  so  that  as  the  quick-growing  crop  is  harvested  the  whole 
area  is  given  up  to  the  longer  setuson  crop.  Cabbage  is  frequently 
made  the  basis  of  such  a  combination.  Sometimes  lettuce  and 
radishes  are  grown  between  the  rows  of  cabbage.  Sometimes  cab- 
bage is  planted  l)etween  the  row^s  of  early  beets,  while  late  potatoes 
are  frequently  j)lanted  between  the  rows  of  early  cabbage.  The 
various  combinations  of  such  crops  are  too  numerous  to  be  cata- 
logued. 

YOUNG  PLANTS  FOR  THE  MARKET  GARDEN. 

The  preparation  of  cabbage  plants  for  the  use  of  the  market  gar- 
dener in  the  North  is  a  different  matter  from  growing  plants  for  use 
on  a  truck  farm  in  the  South.  The  market  gardener  at  most  grows 
only  a  few  thousand  heads.  The  seed  for  these  can  be  sown  on  an 
area  covered  by  a  hotbed  or  cold-frame  sash.  The  extra-early  crop 
is  either  started  in  the  open  in  September  and  transplanted  to  a  cold 
frame  as  the  frosty  nights  come  on,  to  be  protected  through  the 
winter  by  sash  and  shutters  and  transplanted  to  the  open  as  soon  as 
the  ground  can  be  worked  in  the  spring,  or  the  })lants  may  be  started 
in  a  hotbed  from  the  1st  of  February  to  the  middle  of  March,  depend- 
ing upon  the  locality,  and  hardened  off  as  the  days  grow  milder  by 
lifting  the  sash. 

Plants  grown  and  hardened  off  in  this  w^ay  are  nearly  as  hardy  as 
cold-frame  wintered  plants.  They  can  with  safety  be  transplanted 
to  the  open  as  soon  as  the  condition  of  the  soil  will  warrant.  As  a 
rule,  hotbed-grown  plants  do  not  head  as  quickly  as  wintered  plants; 
on  the  other  hand  there  will  be  fewer  plants  that  shoot  to  seed.     The 
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grower  will  therefore  use  the  plan  best  adapted  to  his  cropping  sys- 
tem, and  may  employ  both  plans  in  order  that  the  peculiarities  of 
the  seasons  may  be  most  advantageously  met.  In  some  seasons  the 
wintered  plants  give  best  results,  while  other  seasons  seem  to  favor 
the  hotbed  product.  The  use  of  both  plans  will  safeguard  the  crop 
to  the  greatest  degree. 

SETTING  PLANTS  IN  THE  FIELD. 

The  cabbage  plants  are  usually  set  in  the  field  in  rows  about  30 
inches  apart  and  13  to  18  inches  apart  in  the  row.  For  the  extra- 
early  crop  the  Jersey  Wakefield  is  extensively  employed.  A  later 
variety  may  be  sown  in  the  hotbed  at  the  same  time  and  the  plants 
given  similar  treatment,  but  since  the  late  sort  requires  a  longer 
season  it  will  form  a  succession  with  the  Wakefield  enabhng  the 
gardener  to  maintain  a  continuous  supply  up  to  the  time  when  he 
can  utilize  the  crop  grown  from  seed  sown  in  April  or  May  in  the 
open,  the  plants  of  which  are  usually  transplanted  in  the  latitude  of 
New  York  to  the  open  field  from  June  20  to  July  1 .  This  crop  pro- 
vides the  fall  supply  of  cabbage  for  the  market,  and  when  treated 
as  a  field  crop  is  used  by  the  sauerkraut  factories  and  the  storage 
houses,  and  is  marketed  in  carload  lots  in  the  southern  cities  and 
towns  where  extensive  manufacturing  enterprises  are  conducted. 

CULTIVATION. 

Among  market  gardeners  it  is  a  common  expression  that ' '  cabbage 
should  be  hoed  every  day."  Perhaps  no  other  crop  responds  more 
quickly  to  good  cultivation  and  an  ample  food  supply.  This  is 
undoubtedly  the  explanation  of  the  above  quoted  expression.  In 
cultivating  cabbage  the  work  should  be  frequent  and  thorough,  but 
the  cultivation  should  not  be  deep.  The  aim  should  be  to  destroy 
all  competing  weeds  and  to  maintain  a  loose,  friable  layer  of  soil  about 
2  inches  deep  over  the  surface  of  the  area  devoted  to  cabbage. 

HARVESTING. 

The  early  cabbage  which  is  grown  by  the  market  gardener  is  cut, 
carefully  trimmed,  and  marketed  from  his  wagon  or  stall.  The 
later  crop  which  is  harvested  in  the  fall  may  not,be  marketed  imme- 
diately, but  may  be  stored  temporarily  in  a  cool,  well-ventilated 
building,  in  which  case  the  heads  are  usually  cut  from  the  stalks, 
carefully  trimmed,  and  stored  in  small  bins  or  on  shelves.  If  such 
facilities  are  not  available  an  area  on  a  well-drained  portion  of  the 
field  is  prepared  for  the  storage  of  the  cabbage.  The  preparation 
usually  consists  in  leveling  an  area  wide  enough  to  allow  about  5 
heads  of   cabbage  to  be  placed,  roots  up,  in  a  continuous  row  or 
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belt;  as  sii«j:j::cst(Hl  in  iiij^uro  7.  Tho  outer  letivos  »iro  nil  proseived 
aiul  carefully  wrapped  arouml  the  heads  as  they  are  ])laeed,  after 
which  the  whole  is  covered  with  a  layer  of  straw  or  marsh  hay,  and, 
as  the  weather  increases  in  severity,  witli  a  slijjjht  layer  of  earth.  In 
the  niilch'r  ])ortions  of  the  country  this  protection  is  eni])loyed  for  the 
wliole  winter.  Farther  north  the  soil  layer  must  be  increased,  and 
where  winters  are  severe  storaoje  houses  should  be  used  rather  than 
this  primitive  method  of  storing. 

If  the  crop  is  to  be  stored  on  a  more  extensive  scale  it  may  be 
])laced  on  a  ventilated  ])latform  and  ])iled  in  lonj^  ricks,  as  suggested 
in  fiiTure  S,  and  then  covered  with  rve  straw  and  a  laver  of  ''.nfli. 


VARIETIES. 


The  varieties  of  cabbage  used  by  market  gardeners  im  IikIc  not  oidy 
the  Jersey  Wakefield  for  extra  early,  but  a  variety  of  the  early-summer 


FiQ.  7.— Method  of  storing  cabbage  on  a  small  scale  at  the  North. 

oi   sure-head  type  for  the  midsetuson,  with  some  of  the  Flat  Dutch 
sorts  as  the  main  fall  crop. 

CABBAGE  AS  A  FARM  CROP. 
RANGE  OF  CULTURE. 

Cabbage  finds  its  most  congenial  habitat  as  a  farm  crop  in  the 
northern  tier  of  States,  including  those  bordering  on  the  Great  Lakes, 
the  New  England  States,  and  to  a  less  extent  in  Kentucky,  Tennessee, 
and  Missouri.  New  York  grows  almost  three  times  the  acreage  of 
any  other  State  as  a  farm  crop.  It  is  this  farm  crop  of  cabbage 
which  finds  its  way  to  the  sauerkraut  factories,  to  the  cities  of  both 
the  North  and  South  as  tlie  cool  days  of  fall  and  early  winter  come 
on,  and  to  the  large  storage  houses  distributed  through  New  York 
and  Wisconsin. 

SOIL. 

The  soil  upon  which  cabbage  Ls  most  extensively  grown  in  this 
region  is  either  rich  alluvial  bottom  land  or  the  rich  prairies  of 
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the  States  west  of  New  York  and  Pennsylvania.  Cabbage  is  a  bulky 
product  and  usually  does  not  sell  for  a  very  high  piice  per  ton,  but 
the  large  tonnage  produced  per  acre  and  the  fact  tluit  it  is  consumed 
by  all  classes  account  very  largely  for  the  extensive  acreage  grown 
throughout  the  area  of  dense  population. 

PREPARATION  OF  THE  LAND. 

Where  grown  as  a  farm  crop  cabbage  is  used  as  one  of  the  factors 
in  a  crop  rotation  for  the  farm,  and  may  be  made  to  occupy  a  portion 
of  the  clover  sod  turned  down  in  the  year  when  clover  is  turned  under 


Fig. 


-Method  of  piling  cabbage  for  storage  over  a  board-covered  trench,  to  allow  ventilation  when 
earth  is  used  for  protection. 


to  provide  for  other  crops.  A  common  rotation  is  to  use  corn,  followed 
by  oats  with  which  clover  is  sown.  The  clover  is  cut  one  season  and 
turned  under  the  following  spring,  the  area  being  devoted  to  cabbage 
and  potatoes.  The  clover  sod  is  supplemented  by  a  heavy  dressing 
of  stable  manure  on  the  portion  to  be  devoted  to  cabbage.  If  manure 
is  not  available  the  necessary  supply  of  plant  food  is  made  up  by  the 
use  of  a  high-grade  fertilizer  carrying  3i  or  4  per  cent  of  nitrogen, 
6  or  8  per  cent  of  phosphoric  acid,  and  8  to  10  per  cent  of  potash, 
applied  at  the  rate  of  500  to  1,000  pounds  to  the  acre. 

STARTING  THE  SEEDLINGS.    ' 

When  cabbage  is  grown  as  a  farm  crop  the  seed  bed  is  prepared  in 
the  open  in  a  sheltered  place.     In  the  latitude  of  central  New  York 
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seeds  nre  sown  in  the  open  early  in  May.     The  yotinj;  ])lants  are  kept 
free  from  weeds  and  sliould  he  ready  <>  «.•.>,,. ,.!..,,♦  f,,  f),,.  f,,.i.i  ..i>.,..* 

June  20. 

The  choice  of  the  site  for  the  seed  bed  may  determine  the  succi»ss 
or  faihire  of  the  whole  enterprise.  Tlie  vij^or  of  the  phmts  and  their 
freedom  from  disetuse  are  factors  of  prime  importance.  The  seed  bed 
should,  therefore,  he  located  only  on  areas  known  to  be  free  from 
clubroot  and  rot  orjjjanlsms.  Areas  where  cabl)aj]:e  has  been  grown 
or  where  cabbtigo  j)lants  liavo  been  propagated  in  previous  years  are 
to  be  avoided,  as  are  also  manures  containing  cabbage  refuse.     The 


m^a 


■■■*.  .-■», 


■«'•    ■ '••■^ 


Fig.  9.— Transplanting  machine  in  operation. 

manure  from  stalls  or  pigsties  where  cabbage  has  been  fed  is  to  be 
avoided  on  account  of  its  liability  to  carry  clubroot  and  rot  organisms. 

SETTING  THE  PLANTS  IN  THE  FIELD. 

In  some  localities  it  Is  customaiy  to  set  the  plants  in  check  rows 
about  30  inches  apart  each  way,  so  that  they  can  be  cultivated  in 
both  directions.  In  other  sections  the  plants  are  set  in  rows  one 
way  only,  and  are  placed  18  to  24  inches  apart  in  the  row.  With 
the  large-growing  late  sorts,  however,  30  inches  between  the  plants 
in  the  row^  is  not  too  much  space.  If  the  transplanting  is  to  be  done 
by  hand  it  will  be  performed  by  puddling  the  plants  and  setting  them 
with  a  dibble.     If  carried  on  very  extensively  the  work  can,  as  a  laile, 

433 


20  CABBAGE. 

be  more  economically  done  by  utilizing  one  of  the  horsepower  trans- 
planter, such  as  is  shown  in  figure  9,  in  which  case  the  plants  are 
frequently  set  about  20  inches  apart  in  the  row  and  cultivated  in  one 
direction  only.  Painstaking  growers,  however,  mark  the  field  30 
inches  apart  in  one  direction  and  drive  the  plant-setting  machine 
at  right  angles  to  these  marks^  thus  enabling  the  setters  to  place  the 
plants  in  checkrows  30  by  36  inches  apart. 

This  plan  has  the  advantage  of  placing  the  plants  at  better  intervals 
and  permits  of  cultivation  in  both  directions  early  in  the  season. 

As  soon  as  the  plants  have  been  set  in  the  field,  cultivation  is 
started  and  kept  up  with  suitable  implements,  depending  upon  the 
size  and  character  of  the  plants,  until  the  cultivator  can  no  longer 
be  run  between  the  expanded  leaves  of  the  crop.  Attention  from 
this  time  on  is  necessary  to  protect  the  crop  from  insect  enemies, 
such  as  the  cabbage  worms  and  the  aphides  or  '4ice."     (See  p.  10.) 

HARVESTING. 

At  hai'vest  time,  whether  the  cabbage  is  to  be  shipped,  carried  to 
the  sauerkraut  factory,  or  stored,  a  wagon  provided  with  a  very  deep 
body  is  driven  across  the  field,  the  heads  of  two  rows  having  been 
cut  and  laid  at  one  side  in  advance  of  the  team.  Men  accompany  the 
team  and  gather  the  heads  which  have  been  cut,  carefully  trim  them 
and  gently  toss  them  to  a  person  in  the  wagon,  who  loads  them  with 
equal  care.  Heads  intended  for  long  shipment  or  for  storage  should 
be  very  carefully  handled,  so  as  not  to  bruise  or  in  any  way  injure  them. 
In  unloading  to  the  car  or  storage  house  the  same  precautions  in 
careful  handling  should  be  observed  as  in  gathering  from  the  field. 

VARIETIES. 

The  varieties  which  may  be  used  for  field  cultivation  depend  upon 
the  purpose  for  which  the  cabbage  is  intended.  If  for  sauerkraut  or 
for  immediate  consumption,  the  Flat  Dutch  type  from  American- 
grown  seed  is  extensively  employed  in  the  eastern  part  of  the  United 
States.  In  the  irrigated  section  of  Colorado,  in  the  vicinity  of  Greeley, 
where  cabbage  is  grown  for  sauerkraut,  a  variety  known  as  Scotch 
Cross  is  almost  universally  grown. 

If  the  cabbage  is  intended  for  storage  the  Danish  Ball  Head  from 
imported  seed  is  almost  exclusively  used. 

STORAGE. 

The  prerequisites  for  the  successful  storing  of  cabbages  are: 
(1)  Carefully  grown  and  carefully  handled  heads  of  a  sort  well  adapted 
for  storing;  (2)  storage  warehouses  so  constructed  and  arranged  as  to 
prevent  drip  from  the  ceiling  or  roof  striking  the  stored  heads;  and 
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(3)  such  an  aminjjement  ami  ((Jiitrol  <»f  the  ventilation  and  tempera- 
ture of  the  buildiuf::  as  to  prevent  tlie  condensation  of  moisture  on  the 
cabbajjo  while  in  storajje. 

The  Danish  Ball  Head  from  imported  seed,  as  has  l)een  stated,  is 
the  variety  diiefly  j^rowni  for  stora<i:o  purposes.  The  lieads  shoidd  be 
very  can^fully  cut  and  closely  trimmed  so  that  no  loose  leaves  jj:et  into 
the  storajjce  liouse.  In  hauhnj;  cabbajje  from  the  field  to  the  store- 
house, spring  wagons  should  be  used  and  the  heads  should  be  passed 
from  lumd  to  hantl  and  never  tlirown  into  the  wagon  body.  The 
same  care  should  be  observed  in  placing  tiie  lieads  in  storage. 

The  general  type  of  construction  emph)yed  in  commercial  storage 
houses  is  that  of  a  broad,  low  house  with  an  alley  sufficiently  wide 


Fig.  10.— Frostproof  storage  house  for  cabbage  on  a  New  York  farm. 

to  admit  a  team  and  wagon  tlu-ough  the  center,  and  with  the  storage 
bins  or  shelves  arranged  on  either  side. 

For  farm  storage  the  type  of  house  illustrated  in  figure  10  is  very 
satisfactory.  There  are  no  walks  or  driveways  in  tliis  house  and 
therefore  no  waste  space.  At  storage  time  tlie  cabbages  are  received 
through  the  windows,  and  they  maybe  discharged  either  through  the 
windows  or  through  the  door.  If  the  heads  are  to  be  stored  in  bins, 
the  bins  should  be  narrow  and  not  more  than  16  or  18  feet  from 
front  to  back,  and  the  heads  not  more  than  6  or  7  feet  in  depth 
in  each  bin.  Several  bins  may  be  placed  one  above  another  in 
the  same  section  by  placing  a  waterproof  flooring  between  the  bins, 
so  that  the  drip  caused  by  decaying  cabbage  or  other  condensation 
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can  not  reach  the  lower  bin  from  the  one  above.  This  plan  of  storage 
is  not,  in  general,  as  satisfactory  as  to  store  the  cabbage  on  shelves, 
as  shown  in  figure  11.  As  is  suggested  in  the  figure,  the  heads  may 
be  stored  in  single  layers  or  in  layers  two  or  three  deep  on  the  shelves. 
Precautions  should  be  taken  to  provide  an  area  way  between  the 
outside  wall  of  the  building  and  the  storage  bins  or  shelves. 

The  walls  of  the  building  should  be  so  made  as  to  provide  a  dead- 
air  space  to  prevent  the  penetration  of  frost.  If  the  walls  are  made  of 
brick,  two  4-inch  walls  could  be  laid  up  and  tied  by  a  header  course, 
so  as  to  provide  an  air  space  2  or  3  inches  wide  between  the  two  walls; 
or  a  solid  9-inch  wall  may  be  constructed  and  either  a  tongued  and 


Fig.  11.— Interior  arrangement  of  a  cabbage  storage  house  showing  the  method  of  placing  the  heads  on 

the  shelves. 

grooved  wall  or  a  lath-and-plaster  wall  placed  on  the  inside  by  the 
use  of  furring  strips.  The  roof  should  be  provided  with  a  suitable 
outer  covering,  either  of  shingles,  of  steel,  or  of  composition,  and 
should  have  an  inner  lining  so  built  as  to  provide  a  dead-air  space. 
If  the  inner  lining  is  made  of  lumber  the  boards  should  run  parallel 
with  the  rafters  rather  than  at  right  angles  to  them,  so  that  condensa- 
tion may  flow  to  the  eaves  rather  than  fall  from  each  joint.  Exits 
for  warm  air  should  be  provided  by  ample  ventilators  along  the  ridge, 
provided  with  dampers,  which  can  be  controlled  by  ropes  extending 
to  the  passageways.  Cold  air  from  the  outside  can  be  admitted  through 
apertures  in  the   foundation  by  means  of  large   terra-cotta   pipes 
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provided  with  wire  nettinj*  over  the  outer  end  and  suitable  dampers 
or  shuttei*s  on  the  inside,  so  that  the  intake  of  air  can  be  controlled. 

The  secret  of  success  in  the  management  of  a  storaj^e  warehouse  is  to 
iiave  disease-free,  well-nuitured,  firm,  carefully-handled  stock  j^rown 
from  hi»;h-<:rade  seed  and  the  storaj^e  house  so  constructed  that  the 
t^Miiperature  can  be  lowered  and  mauitained  as  near  34°  F.  as  possible 
throujjiiout  the  whole  storage  period.  This  means  that  the  greatest 
care  must  be  exercised  to  take  advantage  of  cool,  frosty  nights  which 
occur  during  the  storage  period,  and  as  soon  as  the  house  is  filled  to 
keep  it  closed  during  the  day  and  open  as  much  as  possible  during  the 
night  so  as  to  get  the  benefit  of  the  low  night  temperatures.  The  other 
extreme  of  too  low  temperature  should  also  be  provided  against. 
During  protracted  cold  spells  the  temperature  inside  the  storage  house 
may  get  dangerously  low.  To  guard  against  loss  from  freezing,  oil 
heatei-s  are  placed  at  suitable  intervals  in  the  walks  mfkI  alleys  to 
maintain  the  temperature  above  the  danger  point. 

Storage  troubles  are  more  largely  the  result  of  careless  handling 
and  bad  ventilation  than  of  disetises.  Practically  all  of  the  rotting 
which  takes  place  during  the  storage  period  is  the  result  of  saprophytic 
organisms  attacking  the  badly  handled  or  slightly  diseased  heads 
under  bad  storage  conditions.  Poor  cultivation,  bad  harvesting 
methods,  a  long  haul  to  storage,  and  rough  handling  in  unloading  and 
st£>ring  are  all  to  be  avoided  if  cabbage  is  to  be  kept  successfully 
through  the  storage  period. 

Further  information  as  to  the  decay  of  cabbage  in  storage  will  be 
found  in  Circular  No.  39  of  the  Bureau  of  Plant  Industry^  U.  S. 
Department  of  Agriculture,  entitled  *'Tlie  Decay  of  Cabbage  in 
Storage:  Its  Cause  and  Prevention." 


[A  list  giving  the  titles  of  all  Farmers'  Bulletins  available  for  distribution  will  be 
sent  free  upon  application  to  a  Member  of  Congress  or  the  Secretary  of  Agriculture.  J 
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U.  S.  Department  of  Agricut/ittre, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
Washington^  D.  (?.,  January  12^  1011, 
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is  a  constant  demand  for  the  information  herein  contained. 
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W31.  A.  Taylor, 
Acting  Chief  of  Bureau, 
Hon.  James  Wilson, 

Secretary  of  Agriculture, 
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INTRODUCTION. 

Maiiv  ol"  till'  h'adint;  onion  growers  of  the  NorthiTn  States  are  now 
raising  their  own  supplies  of  seed,  for  by  so  doing  they  can  proc-ure 
a  better  gi-ade  than  is  obtainable  in  the  general  market.  During  the 
early  history  of  onion-seed  growing  in  this  country  the  crop  was 
practically  all  prcxluced  in  small  plantings.  Later  the  production 
of  seed  fell  into  the  hands  of  a  few  large  or  speculative  growers. 
During  recent  years  there  has  been  a  tendency  to  return  to  former 
conditicms. 

Formerly  the  supply  of  onion  seed  came  from  farmers  who  selected 
seed  bulbs  of  a  uniform  type  year  after  year  and  in  so  doing  estab- 
lished a  definite  strain;  these  bulbs  were  chosen  from  the  entire  crop 
of  marketable  onions,  which  permitted  the  selection  of  only  those  of 
the  type  desired  for  seed.  In  so  doing  the  farmers  were  practicing 
selection,  all   bulbs  not  conforming  to  the  desired  type  being  dis- 

arded.  In  commercial  onion-seed  growing,  where  the  bulbs  are 
L-^rown  exclusively  for  seed  purposes,  it  would  not  be  profitable  to 

discard  all  those  that  do  not  conform  to  the  desired  type. 

It  is  customary  for  growers  to  select  very  carefully  the  few  mother 
'>ulbs  necessary  to  produce  stock  seed  from  which  to  grow  their 
ommercial  crop  of  seed.     In  cases  where  commercial  seed  growers 

ire  short  of  bulbs  for  seed  purposes,  they  frequently  go  into  the 
market  and  purchase  the  best  obtainable  to  make  up  the  deficiency. 
Where  a   farmer  is  producing  three  or   four  thousand   bushels  of 

•nions  for  the  market  from  pedigree  seed,  it  will  be  a  comparatively 
easy  matter  for  him  to  select  two  or  three  hundred  bushels  of  extra 
fine  bulbs  of  the  tyjje  desired  for  seed.     Onicm  seed  produced  in  this 


»For  the  cuUure  of  onions  for  the  general  market,  see  Farmers'  Bulletin  No.  354,  en- 
titled "Onion  Culture,"  which  will  ho  sent  fre^'  on  application  to  the  Secretary  of  Agri- 
culture. 
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manner  from  selected  bulbs  and  sold  at  $1.50  a  pound  will  in  the  end 
be  cheaper  than  seed  at  40  cents  a  pound  that  has  come  from  a  mis- 
cellaneous lot  of  bulbs  taken  as  they  run,  without  selection. 

Unfortunately,  the  home  production  of  onion  seed  is  now  more  or 
less  dependent  upon  the  market  price  of  onions  the  previous  season. 
Many  growers  plant  for  seed  only  when  they  have  failed  to  sell  their 
crop,  thus  giving  uncertainty  and  irregularity  to  the  enterprise. 
There  are  a  few  farmers  who  plant  a  fairly  uniform  quantity  of  bulbs 
for  seed  each  year,  and  who  are  making  a  decided  success  of  the  work. 

Certain  growers  are  better  equipped  than  are  others  for  the  grow- 
ing and  handling  of  the  seed,  and  thus  are  in  position  to  supply  seed 
for  the  entire  community.  It  has  been  found  that  carefully  grown 
seed  planted  in  the  same  general  locality  in  which  it  is  produced  will 
give  better  results  than  seed  brought  from  a  distance;  this  is  espe- 
cially true  in  northern  localities,  where  the  season  of  growth  is  short, 
as  southern-grown  seed  requires  a  longer  season  for  its  maturity. 

The  production  of  onion  sets  has  been  confined  to  a  few  localities. 
Now,  however,  the  industry  is  receiving  more  general  attention. 
Sets  may  be  produced  under  a  reasonably  wide  range  of  conditions, 
but  in  order  to  be  successful  it  is  essential  that  the  grower  should 
full}^  understand  the  principles  and  methods  involved.  The  produc- 
tion of  onion  seed  and  sets  is  an  important  phase  of  the  general  onion 
industry,  but  owing  to  its  more  local  nature  it  is  treated  separately. 

HOME  PRODUCTION  OF  ONION  SEED. 
SELECTION  AND  CARE  OF  BULBS  FOE-  SEED. 

The  bulbs,  or  ''  mother  bulbs,"  as  they  are  commonly  called,  for  the 
production  of  onion  seed  should  be  grown  in  the  same  manner  as 
those  intended  for  marketing,  except  that  more  care  should  be  taken 
throughout.  Some  seed  growers  prefer  to  use  G  pounds  of  seed  to 
an  acre  for  the  production  of  seed  bulbs  instead  of  4  pounds,  as  ordi- 
narily used  in  growing  for  market,  in  order  that  the  bulbs  may  crowd 
and  not  become  too  large.  The  planting,  culture,  and  harvesting  of 
the  bulbs  are  practically  the  same  as  for  first-class  marketable  stock. 

Onion-seed  growing  is  a  two-year  process  and  two  crops  are  con- 
stantly to  be  cared  for.  After  growing  the  bulbs  the  first  summer 
they  must  be  stored  over  winter  and  replanted  the  following  spring 
for  the  production  of  seed.  Meantime  the  crop  for  the  next  year's 
planting  must  be  coming  on  in  order  to  have  a  crop  of  seed  every 
year. 

Onion  seed  can  not  be  grown  profitably  in  all  parts  of  the  country, 
for  various  reasons.  Proper  soil  conditions  are  essential ;  also  a  cli- 
mate that  is  free  from  extremes  of  temperature  and  rainfall.     Cer- 
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tain  looalitu's  in  tlie  Nortlieastern  States  near  the  owan,  mound  the 
(iivat  Lakes,  and  again  on  the  Pacific  coast  are  especially  aihipted  to 
the  prcxhiction  of  onion  seed. 

'Ilie  first  iTciuisite  for  the  growing  of  the  best  seed  is  a  clear-cut 
ideal  of  the  exact  shape,  form,  color,  and  general  characteristics 
sought  in  the  variety  Inking  grown.  The  second  requisite  is  the  grow- 
ing of  seed  from  hulhs  of  thnt  exact  type  for  th«»  greatest  possible 
number  of  generations. 

Two  selections  should  Ik-  niiiur.  uh-  ih-i  lo  im  liuU*  liul  a  -mall 
number  of  the  very  finest  and  most  ideal  bulbs  from  which  to  pro- 
duce the  stock  seed  to  be  used  the  following  year  for  the  growing  of 
the  seed  bulbs,  and  the  second  to  include  the  bulbs  from  which  to 
grow  the  supply  of  seed  for  the  market.  By  kee})ing  the  very  best 
stock  separate  and  using  the  pro<^luct  for  propagation  the  entire 
strain  will  be  gradually  improved.  Bulbs  a  trifle  below  the  ideal 
market  size,  or  about  1}  to  2  inches  in  diameter,  are  the  most  profit- 
able for  seed  production. 

CARE  OF  BULBS  DURING  WINTER. 

Bulbs  that  are  to  be  used  for  seed  production  should  be  allowed  to 
become  thoroughly  ripe  in  the  field.  After  pulling  they  should  be 
stored  in  crates  under  a  roof  where  they  will  have  plenty  ()f  ven- 
tilation and  be  protected  from  sun  and  rain.  Before  freezing 
weather  begins  the  onions  .shoidd  be  graded  and  removed  to  a  house 
where  both  ventilation  and  temperature  can  be  controlk^l. 

The  temperature  of  the  storage  house  should  at  no  time  be  so  low 
as  to  cause  the  bulbs  to  become  frosted.  A  temperature  of  32°  F.  for 
a  short  period  will  do  no  harm,  but  should  not  be  allowed  to  continue. 
If  the  bulbs  l)ecome  frosted,  heated,  or  sweated  in  storage  they  will 
sprout  before  planting  time  and  1h>  greatly  injured  for  seed  i)urp()ses. 
In  general,  the  storage  conditions  should  be  the  same  as  for  market- 
able onions. 

SOILS  ADAPTED   TO  THE   GROWING   OF   ONION   SEED. 

Two  types  of  soil  may  be  used  to  advantage  in  growing  onion 
seed.  The  .soil  upon  which  the  bulbs  are  grown  from  seed  .•should  be 
»|uite  rich  and  well  supplied  with  organic  matter  and  moisture. 
Good,  rich,  sand}-  loam  is  best  adapted  to  the  growing  of  the  bulbs. 
For  the  proiluction  of  seed  from  bulbs  a  soil  that  is  well  drained, 
fertile,  and  of  a  loamy  nature  is  desirable.  It  is  customary  to  grow 
the  bulbs  the  first  season  on  rich  bottom  land  and  to  grow  the 
seed  the  second  sea.son  on  well-drained  u])land.  Soils  containing  an 
abundance  of  lime,  such  as  are  suited  to  the  .successful  production  of 
wheat,  are  adapted  to  onion-seed  growing.  The  soil  .should  be  free 
from  weed  seeds  and  in  a  good  state  of  tilth. 
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The  bulbs  for  seed  growing  should  not  be  set  in  a  soil  containing 
large  quantities  of  fresh  stable  manure  or  green  vegetable  matter, 
but  rather  in  a  soil  where  some  cultivated  crop,  such  as  corn,  has  been 
grown  the  previous  season.  Commercial  fertilizers  containing  a  small 
percentage  of  nitrogen,  6  to  8  per  cent  of  available  phosphoric  acid, 
and  6  to  8  per  cent  of  potash  can  be  used  to  advantage  at  a  rate  not 
exceeding  1,000  pounds  to  the  acre. 

PREPARATION  OF  THE  SOIL  AND  PLANTING. 

In  preparing  the  land  for  setting  the  bulbs  apply  the  fertilizer 
and  reduce  the  soil  to  a  good  state  of  tilth.  Then  mark  off  the  land 
in  rows  about  2|  to  3 J  feet  apart  by  means  of  a  one-horse  plow,  a 


Fig.   1. — Method  of  setting  out  bnlbs  for  seed  production. 

corn  marker,  or  some  tool  that  will  leave  a  decided  furrow  in  which 
to  set  the  bulbs.  In  some  sections  the  rows  are  placed  as  close  as  2 
feet,  but  this  hinders  cultivation. 

The  bulbs  should  be  placed  by  hand  (fig.  1),  root  downward, 
from  3  to  6  inches  apart,  center  to  center,  in  the  furrow.  The  usual 
rule  is  to  so  set  the  bulbs  that  the  distance  betAveen  them  will  be 
about  equal  to  the  diameter  of  the  bulbs.  The  quantity  of  bulbs  that 
may  be  set  on  an  acre  will  depend  largely  upon  their  size,  but  may 
be  as  high  as  250  bushels.  Where  the  seed  is  to  be  employed  for 
growing  sets  and  overgroAvn  sets  are  used  as  "  mother  "  bulbs  the 
quantity  required  may  be  as  low  as  50  bushels  to  the  acre.     The 
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bulbs  should  be  j)laced  in  the  f^rouiul  .sufliciently  deep  to  be  entirely 
below  the  surface  of  the  soil  when  covered.  As  growth  proceeds,  the 
soil  should  be  drawn  around  the  bulbs  to  form  a  supjiort  for  the 
seed  stalks. 

CULTIVATION. 

Shallow  cultivation  s'houKl  be  «j:iv('n  lliroufjhout,  the  object  lK»ing 
to  keej)  the  land  free  from  weeds  and  the  soil  worked  toward  the 
plants.  Very  little  handwork  will  be  necessary  except,  i)erhaps,  to 
go  through  after  the  .seed  heads  have  formed,  remove  the  weeds,  and 
draw  the  soil  around  the  plants  to  hold  the  stalks  erect  and  prevent 
the  seed  heads  from  blowing  down  and  cominir  in  rontnrt  with  the 
soil. 


Vui.  2, — Field  of  onion  spcd  a  short  tinu'  bofor*'  luirvestlnu. 

TIME  AND  MANNER  OF  GATHERING  THE   SEED. 

The  proper  time  to  gather  the  seed  is  when  the  inside. of  the  grain 
has  reached  the  dough  stage.  Onion  seed  assumes  its  black  color  very 
earh^;  in  fact,  before  it  has  pa.ssed  the  water}'  stage  and  formed  milk 
in  the  grain.  This  change  of  color  is  no  indication  of  ripeness  and 
very  often  deceives  the  inexperienced  grower.  The  heads  should 
be  harvested  just  l>efore  the  first-formed  seed  begins  to  .shatter  in 
handling. 
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Figure  2  shows  a  field  of  onions  a  short  time  before  the  seed  is 
ripe.  In  harvesting,  the  heads  are  cut  by  hand,  with  2  to  G  inches 
of  the  stem  attached,  and  are  placed  in  bags  for  transportation  to  the 
curing  sheds. 

CURING   THE   SEED   HEADS. 

Any  building  having  a  tight  floor  and  in  which  a  free  circulation 
of  air  can  be  maintained  will  serve  as  a  curing  place  for  onion  seed. 
Many  growers  employ  buildings  similar  to  those  used  for  curing 
tobacco,  with  the  alternate  vertical  siding  boards  hinged  so  that  they 
can  be  thrown  open  during  good  weather.  In  localities  where  rains 
do  not  occur  during  the  curing  period  the  seed  heads  are  frequently 
dried  on  sheets  of  canvas  stretched  over  frames  or  spread  upon  the 
ground. 

For  curing  the  seed  in  houses,  wire-bottomed  racks  or  trays  placed 
one  above  the  other  are  generally  employed.  As  the  seed  is  stirred 
from  time  to  time  during  the  curing  process  considerable  of  it  will  be 
shattered  and  fall  upon  the  tray  below  or  finally  upon  the  floor.  The 
main  essentials  in  the  curing  of  onion  seed  are  to  spread  the  heads 
very  thinly,  not  over  two  heads  in  depth,  and  to  give  free  ventilation. 
Even  at  a  depth  of  3  inches  in  the  trays  it  will  be  necessary  to  stir 
them  very  often,  especially  during  damp  weather. 

THRASHING   AND   CLEANING   THE   SEED. 

The  date  for  gathering  the  seed  depends  upon  the  locality  and 
climate,  but  as  a  rule  this  will  be  about  midsummer  or  not  later  than 
August  15.  The  thrashing  and  cleaning  of  the  seed  are  often  deferred 
until  quite  late  in  the  autumn,  except  where  the  curing  is  done  in  the 
open  air.  Where  large  quantities  of  seed  are  produced  the  thrashing 
is  done  with  machines  similar  to  regular  grain  thrashers,  but  when 
grown  on  a  small  scale  the  seed  is  removed  by  beating  with  a  flail. 

After  the  seed  has  been  thrashed,  there  is  still  considerable  danger 
of  its  heating  or  molding  if  left  in  too  great  bulk.  The  usual 
practice  is  to  run  it  through  a  fanning  mill  to  remove  the  dust  and 
small  particles  of  the  heads  or  chaff  that  are  broken  up  in  thrashing. 
In  former  years  the  method  of  cleaning  was  to  place  the  seed  in  a 
tank  of  water,  the  heavy  seed  settling  to  the  bottom  of  the  tank,  while 
the  chaff  and  lighter  portions  could  be  floated  off.  This  process  is  no 
Icmger  used  to  any  great  extent,  owing  to  the  improvement  in  cleaning 
machinery,  and  the  danger  of  injuring  the  seed  by  the  water.  After 
the  seed  is  fanned  and  most  of  the  foreign  matter  removed,  it  should 
be  s]3read  thinly  on  the  floor  or  canvas  and  stirred  from  time  to  time. 
About  the  only  test  that  can  be  applied  in  order  to  detect  moisture 
in  the  seed  is  that  of  feeling  it  with  the  hand,  and  anyone  experi- 
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eiiced  in  llio  handling  of  si'od  will  soon  lu'como  expert  at  (leterininiiig 
wluM)  \i  '-  -"  !*••  to  ba^  it  reaily  for  stora«;o  or  shipment. 

YIELD  OF  ONION  SEED  TO  AN  ACRE. 

i  nc  (niMiiiuy  of  onion  seed  that  can  he  <;ro\vn  on  an  acre  depends 
on  several  conditions.  In  the  first  place  this  will  he  determined 
lar<j:ely  by  the  size  of  the  bulbs  that  are  planted.  In  the  onion-set 
districts,  where  the  seed  with  which  to  produce  the  sets  is  locally 
grown  from  overgrown  sets,  the  (piantity  of  seed  is  generally  from 
10  to  12  pounds  to  the  bushel  of  bijlbs  planted.  This  seed,  however, 
is  not  suitable  for  the  production  of  standard  market  onions,  and 
can  be  used  for  set  growing  only.  In  the  production  of  seed  from 
standard  mother  bulbs  the  yield  is  generally  from  3  to  4  pounds  of 
seed  for  every  bushel  of  bulbs  planted.  This  has  been  nuich  higher 
in  many  cases,  but  3 J  pounds  is  generally  ccmsidered  satisfactory. 
The  yield  of  seed  as  a  rule  will  be  about  400  pounds  to  the  acre, 
although  as  high  as  800  or  even  1,000  pounds  have  been  secured. 

The  price  per  pound  i)aid  for  the  seed  varies  according  to  the 
quality,  variety,  and  market  demands.  For  first-class  high-grade 
seed  from  specially  selected  bulbs  of  desirable  types  the  growers 
frequently  receive  as  much  as  $1.25  a  pound,  but  for  the  general 
crop  produced  from  bulbs  not  specially  selected,  which  must  be  sold 
in  competition  with  the  great  mass  of  seed  produced  by  large  grow- 
ers, the  j^rice  is  generally  not  more  than  40  or  50  cents  a  pound. 

When  the  cost  of  growing  the  bulbs,  togetl^r  with  the  prepara- 
tion of  the  land,  the  keeping  of  the  bulbs  over  winter,  the  necessity 
of  handling  them  a  large  number  of  times,  and  the  occupying  of  the 
land  for  two  seasons,  is  considered,  it  will  be  readily  seen  there  is 
not  a  great  profit  in  growing  onion  seed.  However,  there  are  quite 
a  number  of  farmers  who  each  year  plant  2  or  3  acres  to  bulbs 
for  seed,  and  have  for  sale  anywhere  from  1,000  to  1,500  pounds  of 
very  choice  seed.  In  man}^  cases  this  represents  the  money  crop  of 
the  farm.  The  extent  to  which  this  enterprise  could  be  conducted 
with  profit  is  doubtless  limited,  but  the  demand  for  high-grade  seed 
of  a  distinct  type  is  increasing  each  year.  Anyone  contemplating 
the  growing  of  onion  seed  should  carefully  study  local  conditions, 
and  then  operate  in  a  small  way  until  the  necessary  practices  are 
understood. 

PRODUCTION    OF    SEED    FOR   ONION-SET    GROWING. 

Frequentl}'  the  seed  for  onion-set  growing  is  produced  from  bulbs 
selected  from  the  sets  themselves;  in  other  words,  the  bulbs  or  mother 
bulbs  are  the  overgrown  sets.  Near  Louisville,  Ky.,  the  onion-set 
growers  select  the  oversized  bulbs  and  store  them  over  winter.     In 
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the  spring  they  send  them  to  farmers  in  the  hill  country  and  have 
their  supply  of  seed  gro^Yn  on  bluegrass  land  which  has  not  been 
heavily  manured.  In  this  way  they  are  able  to  keep  their  onion  seed 
free  from  disease  and  secure  a  higher  vitality  than  if  the  seed  were 
grown  on  the  same  land  where  the  bulbs  were  produced. 

Owing  to  the  great  quantity  of  seed  employed  in  set  growing  it  is 
desirable  to  secure  it  cheaply,  and  the  bulbs  selected  from  the  sets, 
being  small,  Avill  produce  a  larger  quantity  of  seed  per  bushel  from 
mother  bulbs  than  when  grown  in  the  usual  manner.  The  stock  seed 
bulbs  should,  however,  be  well  matured,  small  necked,  uniform  in 
size,  and  selected  according  to  an  ideal  shape.  Onion  seed  from 
undersized  bulbs  is  not  so  desirable,  even  for  set  growing,  as  that 
from  standard  bulbs. 

After  a  crop  of  onion  seed  has  been  gathered  it  is  the  usual  custom 
to  plow  up  the  bulbs  ^nd  devote  the  land  to  some  other  crop.  If  the 
old  bulbs  are  allowed  to  remain  in  the  soil  through  the  winter,  espe- 
cially if  given  slight  protection,  they  will  produce  a  small  crop  of 
seed  the  second  season.  This  practice  is  not  recommended  except 
under  special  conditions  where  the  land  is  not  valuable  or  where  it  is 
particularly  desirable  to  secure  an  additional  quantity  of  seed  from 

the  bulbs. 

CARE   OF   ONION   SEED. 

The  length  of  time  that  onion  seed  will  retain  its  vitality  depends 
largely  upon  maturity  and  climatic  conditions.  Well-matured  seed 
W'ill  alwaj^s  keep  better  than  poorly  ripened  and  inferior  seed.  Under 
ordinary  conditions  onion  seed  loses  its  vitality  very  rapidly  after 
the  second  year,  especially  if  stored  in  a  clamp  climate.  It  will  often 
pay  to  ship  the  seed  to  a  dry  climate  for  storage. 

PRODUCTION  OF  ONION  SETS. 

CLIMATE  AND  SOILS  ADAPTED  TO  ONION-SET  GROWING. 

The  term  "  set,"  as  apj^lied  to  the  onion,  indicates  a  small,  under- 
sized bulb  which,  when  replanted  in  the  ground,  will  produce  a  large 
onion.  This  method  of  producing  onions  is  perhaps  the  oldest  and 
now  the  most  universally  employed  for  the  growing  of  small  areas  of 
onions  in  the  garden  and  where  an  early  crop  is  desired.  The  con  - 
mon  method  of  producing  sets  is  to  plant  a  large  quantity  of  seed  on 
a  small  area  of  rather  rich  land  and  thus  procure  a  great  number  of 
bulbs  that  are  undersized,  owing  to  crowding  and  lack  of  plant  food. 
The  greater  number  of  these  bulbs  do  not  attain  sufficient  size  or 
maturity  to  produce  seed  the  following  season  and  are  really  plants 
in  which  the  process  of  growth  has  been  arrested. 

In  the  United  States  the  onion-set  industry  is  largely  confined  to 
a  few  areas.     The  crop  is  extensively  grown  near  Louisville,  Ky., 
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1.  liitiK'otiit',  (Miio,  ami  I  liirairo.  ill.,  m  liic  i'laltc  Kivlt  \  alley  ol 
Nc'l)raska.  in  soiitlnvi'stern  Now  Jersey,  and  in  southern  California. 
The  entire  area  devoted  to  tJiis  enterprise  in  tliese  localities  is  esti- 
mated at  from  2,r>00  to  1^,000  acivs.  The  yield  to  the  acre  varies  with 
the  kx-ality,  hut  will  aveni^re  ahout  300  hushels.  The  market  for 
onion  sets  is  found  throughout  the  entire  country,  the  greater  portion 
heing  disposed  of  in  small  quantities. 

The  climatic  conditions  «i;overning  the  production  of  onion  sets 
are  practically  the  same  as  those  for  standard  onions,  although  it  is 
not  necessary  to  plant  quite  so  early  in  the  spring.  Onion  sets  can 
undoubtedly  he  grown  in  any  part  of  the  Northern  States  where  suit- 
able soil  conditions  can  be  obtained.  The  soil  adapted  to  onion-set 
culture  is  as  a  rule  about  the  same  as  that  requirwl  for  the  growing 
of  large  onions,  except  that  the  land  should  not  be  so  rich. 

In  the  Louisville  district  the  soil  is  a  clay  loam,  containing  plenty 
of  lime.  This  soil,  by  the  use  of  fertili/.er,  will  yield  2.50  to  350 
bushels  of  mature  unions  and  will  produce  an  equal  quantity  of  sets, 
but  the  fertilizer  requirements  for  the  latter  are  not  so  great.  This 
land  is  underlain  at  a  depth  varying  from  18  inches  to  10  or  12  feet 
by  limestone,  and  is  a  natural  bluegrass  soil,  retentive  of  moisture, 
and  comparatively  free  from  weeds. 

In  the  vicinity  of  Chillicothe,  Ohio,  the  soil  is  a  river-botlom  loam, 
being  principally  the  washings  from  the  hills.  This  soil  contains 
occasional  small  beds  of  gravel,  but  owing  to  its  silty  nature  it  is 
retentive  of  moisture  and  easily  cultivated. 

In  the  Chicago  area  we  find  a  variation  in  soil  texture.  In  the 
vicinity  of  South  Chicago,  the  area  devoted  to  onion-set  growing 
was  formerly  a  sewage-disposal  farm  and  is  laid  off  in  regular  level 
beds.  This  soil  is  of  a  sandy,  loamy  nature  and  is  very  similar  to  the 
river-bottom  lands  at  Chillicothe.  Northwest  of  Chicago  the  soil  is 
a  more  gravelly  loam,  although  in  some  places  it  is  of  a  river-bottom 
or  silty  nature. 

In  southwestern  New  Jersey  the  soil  is  a  sandy  loam,  not  unlike 
the  Norfolk  sandy  loam,  although  it  contains  more  or  less  gravel,  and 
in  places  the  clay  approaches  the  surface. 

It  will  be  seen  that  onion  sets  can  be  grow^n  on  any  land  that  is 
adapted  to  general  truck  croi)s,  the  main  essential  being  freedom 
from  weeds  and  a  reasonably  high  state  of  tillage. 

PREPARATION  OF  THE  SOIL. 

Ill  pii|»;ii  liig  liie  lanii  lor  oiiioii-sci  «_r,()\\iii^  iiic  uoik  should  be 
performed  in  practically  the  same  manner  as  for  regular  crops  of 
onions.  The  plowing  need  be  onl}^  moderately  deep,  but  the  soil  must 
be  brought  to  a  smooth,  fine  surface,  suitable  fnr  the  proper  .sowing 
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of  the  seed  by  means  of  hand  drills.  The  tools  generally  employed 
for  this  purpose  are  the  plow,  disk  harrow,  roller,  smoothing  har- 
row, and  sometimes  a  pull  or  drag  made  of  scantlings  or  planks.  A 
harrow  of  the  type  shown  in  figure  3  is  adapted  to  the  final  prepara- 
tion before  planting. 

On  some  land  onion  sets  have  been  grown  continuously  year  after 
year  without  any  appreciably  injurious  results.  In  other  localities 
it  has  been  found  necessary  to  adopt  a  crop-rotation  system,  and  this 
is  advisable  wherever  the  quantity  of  available  land  is  sufficient.  A 
rotation  including  corn,  Irish  potatoes,  onion  sets,  and  clover  will  be 
found  quite  satisfactory. 


Fig.  3. — Harrow  for  leveling  soil  for  planting  seed. 
FERTILIZERS. 

In  preparing  the  land  for  growing  onion  sets  large  quantities  of 
barnyard  manure  should  not  be  applied  immediately  before  planting. 
If  barnyard  manure  is  to  be  employed  it  should  be  used  the  previous 
season  on  some  other  crop  in  order  that  it  may  become  fully  incor- 
porated with  the  soil  and  in  a  measure  subdued.  Commercial  fer- 
tilizers may  be  employed  profitably  in  moderate  quantities,  say  600 
to  1,200  pounds  to  the  acre,  and  should  be  broadcasted  at  the  time 
of  fitting  the  land.  This  fertilizer  should  contain  about  4  or  5  per 
cent  of  nitrogen,  6  or  8  per  cent  of  available  phosphoric  acid,  and 
8  or  10  per  cent  of  potash. 

SOWING   THE   SEED. 

As  the  essential  feature  of  growing  onion  sets  is  the  crowding 
together  of  the  plants  in  the  rows,  a  large  quantity  of  seed  is  required 
to  plant  an  acre.  The  quantity  of  seed  required  varies  with  the  dif- 
ferent localities.  In  the  vicinity  of  Louisville,  Ky.,  from  55  to  60 
pounds  to  the  acre  are  sown;  Chillicothe,  Ohio,  40  to  50  pounds; 
Chicago,  55  to  120  pounds ;  while  in  New  Jersey  as  low  as  25  pounds 
to  the  acre  are  used. 

The  drills  employed  for  seeding  are,  as  a  rule,  the  hand  seeders 
usually  found  upon  the  market  vised  for  sowing  seed  of  all  small 
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truck  crops.  In  some  localities,  however,  special  seeders  have  been 
(lesi«riH'(I  in  onler  to  (Hstributo  the  seed  in  a  particular  manner.  Near 
Chillicolhe,  Ohio,  many  of  the  growers  employ  a  drill  having  five 
small  teeth  similar  to  the  shoes  of  an  ordinary  grain  drill,  but  on  a 
very  small  scale.      (See  fig.  4.) 

These  seeders  distribute  the  seed  in  five  little  drills  about  an  inch 
apart,  nudving  a  broad  belt  of  five  rows.  Another  method  is  to  place 
a  funnel-sha])ed  spreader  on  the  under  i)ar(  of  the  drill,  which 
scatters  the  seed  over  an  area  of  l\  or  4  inches  in  width. 

DISTANCES   TO   PLANT    AND    QUANTITY    OF   SEED   REQUIRED. 

The  distance  between  the  rows  ranges  from  7  to  14  inches,  but 
varies  with  the  method  of  sowijig.     The  larger  yields  are  obtained 


Fu; 


Spuclal  tools  for  phiutiii;;  and  cultivating'  ouion  sol.- 


by  sowing  in  single  drills  about  9  inches  between  the  rows  and  using 
65  to  85  pounds  of  seed  to  the  acre.  The  majority  of  growers  en- 
deavor to  sow  their  onion  seed  as  early  as  the  land  can  be  put  in  first- 
class  condition.  Formerly  the  seeds  for  sets  were  not  sown  until 
late  in  the  season,  but  it  has  been  found  that  larger  3^ields  of  sets  can 
be  obtained  and  that  the  sets  will  ripen  better  if  the  seed  is  sown 
early. 

The  New  Jersey  growers  have  found  it  more  profitable  to  grow  a 
sort  of  mixed  crop,  including  all  sizes  from  sets  to  marketable  onions. 
A  smaller  quantity  of  seed  is  employed  per  acre,  but,  on  the  other 
hand,  the  method  of  growing  is  somewhat  different,  and  a  larger  per- 
centage of  overgrown  bulbs  is  secured.  Those  that  are  below^  stand- 
ard size  are  sold  as  "  boilers  "  or  "  stewers,"  "  picklers,"  and  "  sets." 
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By  using  about  25  pounds  of  first-class  seed  to  the  acre  and  planting 
in  rows  24  inches  apart  these  growers  are  enabled  to  employ  horse 
culture,  and  succeed  in  growing  about  300  bushels  of  all  sizes  to  the 
acre.  This  method  of  planting  does  not  greatly  decrease  the  yield 
and  at  the  same  time  reduces  the  cost  of  cultivation. 

CULTIVATION. 

As  a  rule  onion  seed  will  germinate  and  the  plants  appear  above 
ground  so  that  the  rows  can  be  followed  within  six  or  eight  days 
after  planting.  It  is  desirable  that  the  soil  should  be  stirred  fre- 
quently and  that  the  weeds  should  never  be  given  an  opportunity 
to  gain  a  foothold.  The  onion  sets  should  be  cultivated  at  least  once 
every  week  during  their  groAving  period,  and  oftener  if  rains  occur. 
The  tools  employed  are  for  the  most  part  of  the  wheel-hoe  type, 
of  which  there  are  a  number  of  forms.  These  tools  are  provided 
with  numerous  attachments  for  cutting  close  to  the  plants,  for  throw- 
ing the  soil  away 
from  the  rows,  and 
for  leveling  and 
working  it  back 
around  them.  One 
or  two  of  the  Chi- 
cago growers  have 
adopted  a  special 
wheel  hoe  of  their 
own    design,    using 

Fig.   5. — One-horso  cultivator  of  the  harrow  type.  ^]^q   frOUt  wllCcl   of  a 

bicycle  and  a  pair  of  light-weight  plow  handles  for  the  frame,  to 
which  the  various  types  of  sweeps  and  shovels  are  attached.  In  New 
Jerse}^  horse  tools  are  employed  almost  exclusively,  the  14  or  15  tooth 
harrow-type  cultivator  (fig.  5)  being  the  favorite. 

Hand  weeding  seems  to  be  an  essential  in  all  localities,  although 
this  laborious  process  can  be  eliminated  to  some  extent  by  proper 
wheel-hoe  and  horse  cultivation.  The  cost  of  hand  weeding  and 
care  of  the  onion-set  crop  may  be  anywhere  from  $10  to  $50  an  acre 
for  the  season.  The  entire  cost  of  the  cultivation  of  an  acre  of  onion 
sets  during  the  season  should  not  exceed  $50,  and  this  may  be  re- 
duced 50  per  cent  if  the  land  is  in  proper  condition  and  the  w^ork  is 
handled  at  the  right  time.  Hand  weeding  in  most  cases  will  be 
necessary  twice  during  the  growth  of  the  crop.  During  rainy  sea- 
sons it  is  often  found  impossible  to  keep  certain  areas  clean,  and 
when  the  weeds  once  become  well  established  there  is  very  little 
hope  of  saving  the  crop.  When  the  sets  have  attained  considerable 
growth  the  tops  shade  the  ground  and  prevent,  in  a  measure,  the 
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growth  of  weeds.     After  tliis  stap^*  has  l)een  reached  very  little  at- 
tention   will   1h'  riH]uired.     In   fact,  the  stirring  of  the  soil  should 
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Fi(}.  tt. — ilantl  wi'etiinj^  an  onion-srt  tirld  duriuK  i-iirl.v   ^sumuler. 


Fic.  7. — Harvfstinn  onion  s<'t.s  n^-ar  Lonisvlllo.  K.v. 

cease  before  the  sets  show  any  tendency  to  ripen.  Fi«;ure  0  will  «jrive 
some  idea  of  the  appearance  of  an  onion-set  field  at  the  period  of  its 
maximum  development. 
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HARVESTING  AND   CURING. 

The  time  for  harvesting  is  just  when  the  sets  begin  to  ripen.     This 
generally  occnrs  abont  July  4  in  sonthern  localities,  and  July  20 


i'"iG.   h. — (Jiiiuu  scl5?  drying  uu  I  rays  piled  in  a  iicki. 
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I'ru.   I).  —  •'Stacking"  onion  sets  to  cure  in  a  tield. 

near  Chicago,  or  from  1)0  to  110  days  from  the  date  of  sowing  the 
seed.  The  methods  of  harvesting  are  different  in  the  several  locali- 
ties. Xear  Louisville.  Ky.,  the  sets  are  allowed  to  become  quite  ripe 
before  harvesting. 
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At  harvest  time,  the  .sets  are  loosened  from  tlie  soil  by  means  of  a 
cutter  attached  to  a  wheel  Iuk'  or  with  broad  forks  having  10  or  12 
tines.  Thev  arc  tlien  pulled  by  hand,  as  shown  in  fiLnire  7.  the  tops 
twisted  otf  by  hand,  and  the  bulbs  sifted  and  i)la('cd  upon  trays  to 
dry.  These  trays  are  piled  one  upon  another  in  the  field  ((\$r,  8) 
with  a  sj)ace  of  l^  or  4  inches  between  and  a  temporary  roof  placed 
over  them.  They  are  allowed  to  remain  upon  tliese  trays  until  (piite 
dry  and  are  again  screened  and  removed  to  the  storehou>t 

Near  Chillicothe,  Ohio,  the  sets  are  pulled  while  yet  (luiic  ;^reen 
and  stacked  in  the  field  in  lonjr  narrow  ridires  (fi«i:s.  t)  and  10),  the 
bulbs  lKMn<;  placed  underneath  so  that  the  tops  will  prott^t  them  from 
sunli<>:ht  and  niiu.     After  remaining  in  these  ridges  about  two  weeks, 


Fic;.  10. — Onion  sots  (•\irin^'  in 


^ta.-ks." 


the  tops  are  twisted  off  and  the  bull)s  j)lace(l  ui)on  screens  to  dry. 
From  the  screens  they  aiv  hauled  to  the  warehouse  where  the  fni.ninL' 
and  cleaning  take  place. 

Near  Chicago,  the  practice  of  pulling  is  very  similar  lo  thai  m  me 
vicinity  of  Louisville,  the  tops  being  twisted  off  as  the  sets  are  re- 
moved from  the  soil.  In  New  Jersey  the  sets  are  allowed  to  Iwcome 
fully  ripe  before  being  removed  from  the  soil  and  are  harvested  and 
cured  together  with  the  larger  bulbs,  after  which  they  are  separated 
by  screening  and  fanning. 

After  pulling  it  is  essential  that  the  sets  Ix?  subjected  to  a  drying 
process:  during  this  process  they  recjuire  plenty  of  ventilation.     This 
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can  be  most  easily  secured  by  spreading  the  sets  on  trays,  commonly 
called  crates,  that  are  provided  with  corner  pieces  extending  4  or  5 
inches  above  the  sides  of  the  trays.  As  a  rule  these  trays  are  con- 
structed with  3-inch  sides,  about  5  feet  square,  with  slat  or  wire  bot- 
toms, and  hold  about  3  bushels  of  onion  sets.  When  the  trays  are 
piled  one  upon  another  the  corner  pieces  provide  an  air  space  above 
each  tray,  thus  securing  the  best  possible  ventilation.  In  the  ab- 
sence of  corner  pieces  blocks  of  wood  or  broken  bricks  are  employed, 


as  shown  in  fio^ure  8. 


STORING  ONION  SETS. 


The  method  of  storage  is  essentially  the  same  in  all  localities,  the 
tray  previously  described  being  most  commonly  used  (fig.  11).  When 


Fig.   11. — Onion   sets   stored   on   trays   in   a   warehouse. 

the  sets  have  become  sufficiently  dry  some  growers  transfer  them  to 
1-bushel  crates,  in  which  they  are  shipped.  Onion  sets  are  stored  un- 
der conditions  similar  to  those  required  for  large  onions,  the  essen- 
tials being  plenty  of  ventilation,  dryness,  and  a  comparatively  low 
temperature.  Slight  freezing  will  not  destroy  them,  provided  they 
are  not  disturbed  while  frozen.  However,  freezing  is  always  in- 
jurious and  has  a  tendency  to  cause  them  to  sprout  earlier  in  the 
spring.  If  a  uniform  temperature  2  or  3  degrees  above  freezing  can 
be  maintained  it  is  more  satisfactory  than  too  frequent  variation. 

Some  growers  employ  a  form  of  open  shed  as  a  temporary  storage 
place  for  the  sets  during  the  autumn  months  or  until  cold  weather 
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be<jrins.  A  few  «r|ower.s  htoie  their  crop  until  late  winter  and  sell 
direct  to  s<HHlsinen  and  ilcalcrs,  hut  the  nuijority  ttirn  their  sets  over 
to  warehousemen  for  storage  ami  disposal.  Throughout  the  storage 
period  the  sets  shoidd  Im?  handled  as  little  as  possible  and  should  be 
kept  spread  out  thiidy,  so  there  will  be  no  chance  of  heating.  Onions 
in  storage  are  constantly  giving  otf  more  or  less  moisture  Mf^  "•" 
liable  to  become  damp  and  sprout  if  stored  in  too  great  bidk 

In  preparing  the  sets  for  nuirket  they  are  first  passed  through  ii 
fanning  mill  which  removes  all  loose  skins,  earth,  or  shriveled  bulbs, 
and  then  over  a  screen  which  removes  any  bulbs  that  are  too  large? 
for  the  nuirket  demands.  After  this  they  are  shipi)ed  in  1-bushel 
crates,  burlap  bags,  or  barrels. 

The  crate  is  j)erha|)s  most  desirable  as  a  shipping  package,  as  it 
protects  the  bulbs  and  allows  a  free  circulation  of  the  air.     When 

shipped  in  bags,  the 
sets  are  liable  to  be- 
come injured,  except 
where  they  are  han- 
dled in  carload  lots. 
Tight  barrels  are 
objectionable  unless 
the  sets  are  thor- 
oughly cured,  as 
there  is  liability  to 
heat  in  the  center. 

PROPER    SIZE    OF 
ONION    SETS. 


The  ideal  onion 
set  is  almost  globu- 
lar in  shape  and  a 
trifle  less  than  half 
an  inch  in  diameter. 


Fir. 


. — A  qiinrt  of 


Figure  1*J  shows  a  (|uart  of  first-class  onion  sets.  The  color  .should 
be  bright  and  the  surface  free  from  smut  or  spots  of  any  kind.  The 
term  ''pickler'"  is  applied  to  the  onion  just  above  .sets  in  size,  or,  in 
other  words,  one-half  to  three-fourths  of  an  inch  in  diameter.  The 
term  "l)oiler.''  or  ".stewer,"  is  applied  to  the  size  next  larger  than 
l)icklers,  which  are  too  small  for  sale  as  standard  onions,  or  from 
three-fourths  of  an  inch  to  1}  inches  in  diameter. 

Another  type  of  bulblet  sometimes  sold  for  propagation  is  that  of 
the  "  top  *"*  or  '*  tree  "  onion.  These  bulblets  are  formed  on  the  top 
of  a  stalk  <iniilnr  to  ;»   flower  stalk,  niid   if  ]>l:)iif«Ml   will   i.ir.rliu-e  a 
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fair-sized  bulb.  If  the  bulbs  are  allowed  to  remain  in  the  soil  they 
will  throw  up  stalks  the  following  season  and  produce  bulblets  for 
further  i^lanting.  This  variety  is  extensively  used  for  the  production 
of  young  onions  which  are  peeled,  bunched,  and  marketed  during  the 
early  spring.  The  bulblets  are  planted  closely,  either  in  beds  or  in 
rows,  during  the  late  autumn,  and  the  young  onions  w^ill  be  ready 
for  nse  early  in  the  spring.  In  cold  climates  slight  protection  Avill 
be  required  in  order  to  carry  the  planted  bulbs  safely  through  the 
winter. 

VARIETIES   OF   ONIONS  USED   FOR  SETS. 

Seed  of  almost  any  variety  of  onion  may  Ix?  used  for  the  production 
of  sets,  but  a  greater  demand  exists  for  the  distinctly  yellow,  white, 
and  red  colors.  In  the  trade  the  sets  are  recognized  by  their  color 
rather  than  by  actual  varietal  names.  The  demand  for  the  j^ellow 
and  the  white  sets  is  greater  than  for  the  red,  and  those  of  the 
globular  type  are  generally  preferred. 

Onion  sets  are  sometimes  grown  from  left-over  seed,  in  which  case 
a  large  number  of  varieties  may  be  included.  In  the  principal  set- 
growing  districts,  where  the  seed  has  been  locally  grown  for  many 
years,  the  varieties  are. more  or  less  distinct  from  those  of  seedsmen's 
catalogues. 

ENEMIES  OF  THE  ONION. 
FUNGOUS  DISEASES  AND  INSECT  PESTS. 

The  onion  crop  of  the  United  States  is  by  no  means  free  from  both 
disease  and  insect  enemies.  Some  of  the  enemies  of  the  onion  may 
be  controlled  without  much  difficulty,  while  others,  if  once  established, 
can  not  be  eradicated  by  any  means  know^n  at  present. 

Onion   Smut. 

The  following  paragraphs  are  extracted  from  a  recent  bulletin 
issued  by  the  Ohio  Agricultural  Experiment  Station : 

Onion  smnt  (UrocyUs  ccpnlac  Frost),  unlike  the  other  smuts  with  which  wo 
have  to  do,  propagates  itself  almost  indefinitely  in  the  soil  when  this  once 
becomes  infested.  Whenever  a  new  crop  of  onions  is  grown  from  seed  in  this 
infested  soil  the  smut  attacks  the  young  seedling  onions,  in  whole  or  in  part, 
and  a  very  considerable  loss  results  therefrom.  If,  however,  onion  sets  are 
put  in  such  soil  or  seedling  onions  that  have  been  started  under  glass  in 
healthy  soil  are  transplanted  to  smut-infected  soil,  the  smut  fungus  can  not 
attack  them.  The  explanation  seems  to  be  that  the  smut  threads  are  only  able 
to  penetrate  the  leaves  of  the  young,  tender  seedlings.  Flowers  of  sulphur 
have  been  used  to  sow  with  the  seed  in  infested  soil,  and  this  remedy  has  given 
but  slightly  inferior  results  to  any  other  yet  tried. 
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TU«'  host  iiH'tlKHl  li.Ms  pntviHl  to  Im'  lliMt  of  foruiii Idoliydo  drii 
riu'  r<»nuiiUU'l).V(1r  solniloii  Is  uimU»  ill  tlio  rate  of  1  pouiiil  of  40  ih'I  tiui  lurmal 
<lehytl«»  (u  L*r»  to  'Xl  pUIous  o(  wjitor.  This  Is  appliinl  with  tirip  attnchincnl  on 
^tvd  drill  at  rato  of  V2'i  to  l."X)  ;iallons  per  am*  for  hold  onions.  The  sanu' 
rosuits  cam  bt'  obtahunl  In  open  furrows  hy  applyluK  solution  with  8prlnkU>r 
after  seetls  are  scatteitHl  until  well  moistened.  This  fornmliu  treatment  insures 
the  dislnfwtlon  of  a  layer  of  soil  near  the  secnl  and  i»ermlts  the  germination 
.md  the  early  jirowth  of  tlio  seedling  onion  past  Infwtlon  .sta^e  before  the  smut 
tunjrns  can  apiln  ocrupy  this  .^oil.  The  };ains  from  this  treatniciil.  both  in  the 
•  •nlon-st't  work  and  in  tleld  onions  are  very  large,  amounting  to  10(J  to  200  i)t»r 
eeut  Increase.' 

The  Maggot. 

The  t)nioii  iiia<j:«j:ol  is  oiU'ii  vei'v  (lestiMirti\e  in  lields  iliat  are  jii>l 
planted.  Thi.s  insect  works  at  the  roots  of  the  yoim*;  seedlings  and 
is  diftieidt  to  control.- 

The  followinir  methods  of  control  have  been  suo;<resled  : 

Carbolic-acid  emulsion. — For  all  thrtM'  forn)s  of  root  nia;:gots  which  wc  arc 
considering,  a  carbolized  form  of  kerosene  emulsion  Is  effective.  This  Is  pre- 
pare<l  by  adding  to  1  iK)und  of  soap  boiled  In  1  gallon  of  water  one-half  gallon 
of  crude  carbolic  acid  and  diluting  the  whole  with  from  35  to  50  parts  of  water. 
This  mixture  Is  applied  about  the  stalks  of  the  i>lants  affected.  It  is  be.st  to 
use  it  a  day  or  two  after  the  plants  are  up  or  are  transplanted,  and  reiK»at  every 
wtH'k  or  10  days  imtil  about  the  third  week  in  May  In  the  North.  Farther 
south  these  applications  must  be  made  earlier  In  the  season. 

The  use  of  mineral  fertilizers. — Mineral  fertilizers  are  useful  as  deterrents, 
particularly  when  employed  just  before  or  after  a  shower  has  thoroughly  wet 
the  ground.  The  luinclpal  fertilizers  for  this  puri)ose  are  kalnlt,  nitrate  of 
siula,  and  sulphate  or  chlorid  of  potash.  They  njay  be  used  as  top  dressings 
before  planting,  or.  if  not  emidoyed  until  afterwards,  they  should  be  applie<l 
IS  nearly  as  possible  to  the  roots,  the  earth  being  turned  away  from  the  plants 
tor  this  i)uriH)sc.  These  fertilizers  jjosscss  the  advantage  of  acting  also  as  a 
stimulant  to  jilant  growth.  therel)y  facilitating  recui)eration  from  root-maggot 
ittack. 

Danger  from  use  of  organic  fertilizers. — Stable  manure  and  organic  ferti- 
lizers are  apt  to  Induce  infestation,  since  the  species  under  consideration  Is 
well  known  to  develop  In  excrement  and  other  decomi)Oslng  material.  Numerous 
instances  of  this  have  come  to  the  writer's  knowledge  during  recent  years.  It 
is  advlsabl?,  therefore,  to  avoid  the  use  of  manure,  rottetl  leaves,  or  other 
organic  fertilizeis.  and  to  avoid  planting  in  fields  in  which  there  have  been 
infested  or  discaseil  plants.^ 

The  Thrips. 

The  onion  thrips  belongs  to  the  class  of  sucking  insects,  attack- 
ing the  leaves  and  causing  them  first  to  assume  a  dull-gray  or  dirty 
appearance  and  afterwards  to  turn  brown  and  die.  This  in.sect  has 
|)roved  very  destructive,  especially  throughout  the  Southern  States, 

»  Ohio  Agricultural  Exiwrlment   Station  BuilPtin  No.  214. 
-  Circular  No.  63,  Bureau  of  Entomology,  i;.  S.  Dept.  of  .\griculture. 
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and  is  now  becoming  quite  a  serious  pest  in  the  Bermuda-onion  dis- 
trict of  Texas.  It  is  noticeable  that  insects  of  this  character  gen- 
erally attack  crops  that  are  grown  upon  poor  soils,  that  are  late 
planted,  and  where  the  cultivation  is  neglected. 

The  remedies  to  be  employed  for  the  onion  thrips  are  varied. 
Kerosene  emulsion  is  of  less  value  than  for  many  other  sucking  in- 
sects; whale-oil  soap  is  one  of  the  standard  remedies,  and  some  of 
the  tobacco  or  nicotine  preparations  have  recently  been  found  useful. 

CONCLUSIONS. 

There  is  nothing  difficult  in  the  production  of  either  onion  sets  or 
seed  and  one-  or  both  may  be  undertaken  as  a  side  issue  with  other 
lines  of  farming.  The  work  of  caring  for  the  crops  may  be  done 
largely  by  "women  and  children  where  it  is  desirable  to  provide  work 
of  this  nature  for  them. 

Xo  large  profit  can  be  obtained  from  the  production  of  either  onion 
seed  or  sets,  and  the  greater  profits  are  obtainable  from  comparatively 
small  plantings.  On  a  considerable  portion  of  the  land  devoted  to 
onion-set  raising  the  yield  is  less  than  300  bushels  to  the  acre.  Allow- 
ing for  the  cost  of  seed,  fertilizers,  cultivation,  harvesting,  and  han- 
dling, the  net  returns  are  not  large,  especially  when  sets  bring  only 
50  or  GO  cents  a  bushel. 

The  method  of  growing  white  onion  sets  followed  by  the  New  Jer- 
sey growers  seems  to  be  the  most  profitable,  as  the  sets  are  simply 
a  by-product  of  the  onion  crop,  the  main  object  being  to  secure  a  large 
yield  of  small,  white  onions,  known  as  "  picklers,"  which  bring  a 
high  price  in  most  of  our  markets. 


[A  list  giving  the  titles  of  all  Farmers'  Bulletins  available  for  distribution 
will  be  sent  free  upon  application  to  a  Member  of  Congress  or  the  Secretary  of 
Agriculture.] 
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IMIted  by  W.  H.  Beal  and  the  Staff  of  the  Exi)eriuient  Station  Uword. 


Kxporiniont  Station  Work  is  a  subserles  of  brief  popular  bulletins  compiled 

i  <>ui  the  published  reports  of  the  agricultural  experiment  stations  and  kindred 

istitutions  in  this  and  other  countries.     The  chief  object  of  these  publications 

>  to  disseminate  throughout  the  country  information  regarding  exi)erlments  at 

lie  different  exiJeriment  stations,  and  thus  to  acquaint  farmers  In  a  general 

way  with  the  progress  of  agricultural  investigation  on  its  practical  side.     The 

results  herein  reix)rted  should  for  the  most  part  be  regarded  as  tentative  and 

suggestive   rather   than   conclusive.     Further   experiments   may   modify    them, 

and  experience  alone  can  show  how  far  they  will  be  useful  in  actual  practic<». 

The  work  of  the  stations  must  not  be  depended  upon  to  produce  "  rules  for 

farming."     How  to  apply  the  results  of  experiments  to  his  own  conditions  will 

\er  remain  the  problem  of  the  individual  farmer. — A.  C.  True,  Director,  Office 

of  Experiment  Stations. 
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EXPERIMENT  STATION  WORK." 


WATER  REaUIRED  FOR  CROPS  ON  RICH  AND  POOR  SOILS." 

A  fact  of  immense  importance,  Cvspecially  in  regions  of  scanty  rain- 
fall, or  those  subject  to  severe  droughts,  has  been  brought  out  by  in- 
vestigations reported  by  J.  A.  Widlsoe,  of  the  Utah  Station,  as  well 
as  by  the  work  of  other  investigators.  Prof.  Widtsoe  found  "  that 
the  amount  of  water  actually  required  for  the  production  of  a  pound 
of  dry  matter  becomes  smaller  as  the  available  fertility  of  the  soil 
increases.-'  He  states  that  "  this  law  is  not  new,  but  it  does  not  seem 
to  have  been  applied  to  the  cultural  methods  in  a  country  whore  tli(» 
limiting  factor  is  the  water  supply." 

Prof.  Widtsoe  found  that  thorough  hoeing  or  cultivation  through- 
out the  season  increased  materially  the  yield  of  dry  matter  and  de- 
creased the  amount  of  water  required  per  pound  of  dry  matter  pro- 
duced, that  resting  the  soil  for  several  years  had  the  same  effect,  and 
that  on  infertile  soils  the  water  requirements  of  crops  could  be 
materially  lowered  by  the  addition  of  manure  or  commercial  fertili- 
zers. He  believes  that  in  eveiy  case  the  result  is  to  be  attributed 
largely  to  the  plant  food  set  free  by  the  hoeing  or  fallowing  or  that 
added  in  the  fertilizers. 

The  practical  conclusion  of  all  this  is  simply  that,  in  districts  where  the 
rainfall  is  the  chief  consideration,  it  is  not  sufficient  alone  to  store  an  abundance 
of  water  in  the  soil,  but  the  soils  themselves  must  be  kept  in  such  a  condition 
that  plants  growing  on  them  can  produce  dry  matter  with  the  smallest  iiosslble 
amount  of  water.  Under  a  system  of  dry-farm  rotation  in  which  a  hoed  crop 
is  grown  perhaps  every  other  year,  in  alternation  with  wheat,  a  fairly  large 
amount  of  available  plant  food  will  be  maintained,  but  at  the  same  time  the 
amount  of  stored  moisture  will  be  so  near  the  danger  limit  as  to  jeoiwirdlze  seri- 
ously the  maturing  crop.  On  the  other  hand,  where  the  soil  after  being  fall 
plowed -and  left  in  the  rough  throughout  the  winter  is  allowed  to  lie  fallow  the 
following  summer,  a  much  larger  amount  of  plant  food  is  set  free,  and  at  the 
same  time  a  larger  amount  of  water  is  stored  in  the  soil.  This  combination 
of  favorable  conditions  is  much  more  likely  to  result  In  a  profitable  yield  than 

<»A  progi'ess  record  of  experimental  inquiries,  published  without  assumption 
of  resjK^usibllity  by  tlie  Department  for  the  correctness  of  the  facts  and  conclu- 
sions reported  by  the  stations. 

''Compiled  from  rtMii-sf.    RuI.  io5. 
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can  any  system  of  culture  which  tends  to  weaken  one  or  the  other  of  these 
vitally  important  factors.  In  the  Great  Basin  district,  practical  experience 
has  demonstrated  almost  beyond  a  doubt  that  summer  fallowing  is  indispen- 
sable in  successful  dry  farming.  In  fact,  it  has  become  a  doctrine  that  if  land 
at  all  adapted  to  dry  farming  is  summer  fallowed  every  other  year  a  crop 
failure  for  want  of  water  is  impossible. 

Dry  farming  lands  are  fallowed :  First,  to  store  in  the  soil  the  precipitation 
of  two  or  more  years;  and  secondly,  to  set  free  plant  food  which  will  enable 
the  crops  to  reach  maturity  with  the  smallest  amount  of  water.  This  doctrine 
explains,  undoubtedly,  many  of  the  successes  and  failures  on  dry  farms.  Nu- 
merous cases  are  on  record  where  soils  under  a  comparatively  abundant  rainfall 
failed  to  yield  well,  while  other  soils  under  a  much  smaller  rainfall  yielded 
abundantly.  There  are  many  soils  the  available  fertility  of  which  is  so  low 
that  they  must  be  carefully  cultivated  in  order  to  set  free  sufficient  plant  food 
before  successful  dry  farming  can  be  practiced  upon  them.  This  is  shown  in 
lands  that  are  allowed  to  lie  fallow  for  a  year  after  the  first  plowing  before 
crops  are  planted.  The  extraordinary  yields  sometimes  obtained  on  soils  where 
the  rainfall  is  12  inches  or  less  may  be  explained  by  the  naturally  large  quan- 
tity of  available  plant  food  found  in  them. 

The  understanding  of  the  relationship  between  soil  fertility  and  transpiration 
is  vital  to  dry  farming,  but  it  is  also  important  to  irrigation  farming,  especially 
in  districts  where  the  water  supply  is  limited.  If  the  irrigation  farmer,  either 
by  fallowing  or  by  proper  manuring,  maintains  his  land  in  a  fertile  condition, 
he  will  better  meet  seasons  of  drought  or  water  shortage  than  his  neighbor 
whose  lands  are  in  an  unfertile  condition.  The  principle  here  discussed  must 
be  incorporated  into  the  practice  of  agriculture  in  arid  regions. 

In  the  Utah  experiments  it  was  found  that  corn  required  a  third 
less  water  to  mature  a  pound  of  dry  matter  on  soil  which  had  been 
manured  or  fertilized  with  nitrate  of  soda  than  on  the  same  soil 
without  such  treatment. 

The  important  lesson  from  this  work,  briefly  stated,  is  that  if  the 
farmer  wishes  to  conserve  a  scanty  water  supply  and  use  it  to  the  best 
advantage  in  the  growth  of  crops  he  must  keep  his  land  rich. 

BURNING  LIME  ON  THE  FARM.« 

In  a  bulletin  of  the  Virginia  Experiment  Station,  dealing  very 
fully  with  the  question  of  the  liming  of  soils,  W.  B.  Ellett  says : 

Many  farms  are  situated  long  distances  from  railroads,  and  the  hauling  of  lime  is 
expensive.  Even  if  the  ground  limestone  is  available  at  prices  ranging  from  $1  to 
$1.75  [iier  ton]  it  would  probably  be  more  economical  in  many  cases  for  farmers 
to  burn  their  own  lime,  if  good  limestone  is  on  or  near  the  farm,  thus  utilizing 
their  labor  to  advantage  during  the  winter  months.  Many  farmers  in  the 
western  section  of  the  State  [Virginia]  are  now  burning  their  own  lime,  and 
producing  it  at  a  cost  of  7  to  9  cents  a  bushel,  instead  of  12  cents,  the  average 
price  of  lime  from  the  manufacturer.  Cheap  coal  or  wood  as  well  as  good  lime- 
stone are  essential  to  the  success  of  home  burning.  The  rock  should  "  quarry 
out "  easily ;  that  is,  it  should  come  out  in  strata  or  layers.  It  should  analyze 
at  least  90  per  cent  of  carbonate  of  lime. 

« Compiled  from  Virginia  Sta.  Bui.  187. 
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A  suitable  lootition  noar  the  quutry  iB  chosen,  preferably  the  Ride  of 
An  oxcavntlon  is  nwulo  10  feet  into  the  hill,  jiml  to  n  depth  of  7  f«»t.  IFIk.  l.J 
The  wltlth  of  (he  kihi  Is.  8  feet  at  its  greatest  breadth,  sloping  gently  at  the 
l)ottoni.  A  trench  IS  Inches  wide  and  1  foot  de«'i)  Is  dug  Ihrougli  tlie  center,  at 
the  base  of  tlie  kiln.  Across  the  trench  are  placinl  pieces  of  old  castings,  which 
serve  the  i>ur|>o8e  of  a  grate.  Tlie  front  and  side  walls  of  the  kiln  are  built  like 
a  retaining  wall.  The  rear  walls  are  st>metlines  built  of  rock,  but  usually  no 
wall  is  built,  as  tlie  sides  of  the  hill  answer  this  puri)08e.  The  general  i)lan  of 
the  kiln  Is  oval,  both  at  the  base  and  top. 


Oy 


C 
Fig.  1. — Details  of  construction  of  a  farm  limekiln  :  a.  Cross  section,  showing  layers  of 
rock  and  coal ;  h,  longitudinal  section,  showing  side  hill  used  as  back  wall ;  c,  ground 
plan,  showing  trench  and  grate ;  d,  completed  kiln,  walled  in  and  plastered  with  mud. 


Over  the  grate  In  the  center  of  the  kiln,  at  the  bottom.  Is  placed  a  layer  of 
coal  of  sufficient  size  not  to  pass  through  the  openings.  On  top  of  this  layer  of 
coal  is  placed  the  limestone  rock,  which  may  vary  in  size  from  6  to  12  inches  in 
diameter.  Alternate  layers  of  fine  coal  and  rock  are  now  introduced,  and  this 
is  continued  until  the  kilu  is  filled,  leaving  an  opening  in  the  rear,  at  the  top, 
large  enough  to  serve  the  puri)ose  of  a  flue.  When  the  kiln  has  been  filled,  it  is 
covered  with  a  layer  of  flat  rocks  and  the  front  is  then  inclosed  with  rock  and 
sealed  with  mud.  In  the  trench  at  the  bottom  of  the  kiln  enough  wood  is 
introduced  to  set  flre  to  the  coal.  The  burning  is  continued  for  from  2  to  3 
days,  with  3  to  5  days  for  cooling. 
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A  kiln 'of  these  dimensions  will  furnish  from  250  to  300  bushels  of  stono 
lime  at  each  charge.  The  amount  of  coal  used  to  a  charge  is  100  bushels  to 
300  bushels  of  rock.  If  much  magnesia,  silica,  and  alumina  are  present  in  the 
limestone,  it  fuses  readily,  and  in  such  cases  care  must  be  taken  to  keep  the 
temperature  below  the  melting  point,  so  as  to  prevent  the  formation  of  slag, 
and  the  making  of  "  dead-burnt "  or  "  overburnt "  lime. 

To  build  and  operate  the  kiln  requires  the  services  of  one  man  from  8  to  10 
days,  at  a  cost  of  about  $1.50  per  day.     The  coal  used  varies  in  amount  with 
the  rock,  but  usually  1  bushel  of  coal  is  used  to  3  of  limestone;  and  in  a  kiln 
of  this  size  100  bushels  of  coal  is  used  with  300  bushels  of  limestone  rock. 
An  average  charge  against  the  kiln  would  be: 

1  man  for  10  days,  at  $1.50 $15.00 

100  bushels  coal,  at  7i  cents - 7.  50 

Wood  for  igniting  the  charge .50 

Total 23.  00 

The  yield  of  good  stone  lime  should  be  250  bushels.  This  would  make  a 
ton  of  lime  cost  the  farmer  $2.25,  or  a  fraction  above  9  cents  for  a  bushel. 
This  price  would  be  considerably  less  than  the  farmer  would  have  to  pay  for 
lime  from  a  dealer. 

GROWING  TOMATOES  FOR  THE  CANNING  FACTORY." 

The  annual  pack  of  tomatoes  in  the  United  States  is  probably 
not  less  than  10,000,000  cases.  The  growing  of  tomatoes  for  canning 
is  therefore  an  important  agricultural  industry.  A  large  part  of 
the  crop  for  this  purpose  is  grown  by  the  general  farmer  rather  than 
by  a  specialist,  and  as  a  rule  not  as  much  care  is  taken  with  it  as 
is  necessary  to  yield  the  greatest  profit. 

A  bulletin  of  the  Indiana  Experiment  Station,  by  J.  Troop,  C.  G. 
Woodbury,  and  J.  G.  Boyle,  summarizes  the  results  of  a  study  of 
tomato  growing  for  canning  in  Indiana,  and  on  the  basis  of  the 
observations  so  made  calls  attention  to  some  of  the  weak  points  in 
present  methods  of  producing  canning  tomatoes,  particularly  as 
applied  to  practice  in  Indiana,  but  also  applicable  in  large  measure 
to  other  parts  of  the  country.  It  is  pointed  out  that  it  is  especially 
necessary  that  greater  care  should  be  exercised  in  growing  the  young 
plants,  and  that  millions  of  inferior  plants  are  now  set,  either  as  the 
result  of  poor  seed  or  unskillful  growing,  reducing  greatly  the  yield 
and  profit  from  the  crop.  It  was  also  found  that  as  a  rule  the  soil 
was  not  prepared  as  thoroughly  as  it  should  be,  and  that  more  time, 
labor,  and  money  might  profitably  be  given  to  drainage  and  ferti- 
lizing. "  Thousands  of  farmers  are  failing  in  growing  tomatoes 
because  they  do  not  realize  the  soil  and  cultural  requirements  of  the 
plant."  The  necessity  for  constant  and  thorough  cultivation  is  not 
fully  recognized.  "  It  is  probable  that  neglect  of  cultivation  is  re- 
sponsible for  a  greater  proportion  of  unprofitable  tomato  yields  than 
any  other  single  factor  entering  into  the  production  of  the  crop." 

o  Compiled  from  Indiana  Sta.  Bui.  144. 
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More  careful  handling  i  .  .  iiies  during  the  picking  season  is 
urged,  for  it  was  observed  that  in  many  tomato  fields  "  careless  pick- 
ing and  rough  treatment  of  the  plants  so  cut  down  the  total  salable 
product  that  the  cash  returns  barely  .paid  for  the  expense  of  growing 
and  marketing."  Finally,  the  opinion  is  expressed  that  it  would  l>e 
more  profitable  to  plant  smaller  areas  and  to  practice  more  intensive 
methods  of  culture  than  is  the  case  at  present. 

From  the  more  detailed  description  of  methods  of  culture  given 
in  the  bulletin  the  following  brief  statement  of  some  of  the  more 
important  points  has  been  compiled:  It  is  stated  that  the  highest 
yields  are  being  secured  in  Indiana  on  sandy  loam  soils  which  are 
well  drained  and  comparatively  rich  in  plant  food.  If  the  soil  is 
in  sod  or  contains  considerable  clay,  it  is  usually  best  to  plow  rather 
deep  in  the  late  fall  and  disk  every  two  weeks  in  the  spring  until  the 
young  plants  are  ready  to  be  set  out. 


2JC/P  fiLAA/H\ 
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Section  showing  the  construction  of  a  hotbed  for  tomato  plants. 


Just  before  transplanting,  the  soil  should  be  put  into  as  fine  tilth  as  possible. 
This  can  be  done  with  from  two  to  four  thorough  harrowlngs,  the  last  one  com- 
ing immediately  before  the  plants  are  set  in  the  field  ♦  ♦  *.  The  depth  of 
plowing  should  be  8  inches  or  even  more  if  the  subsoil  is  not  too  near  the 
surface. 

After  the  soil  has  been  put  in  the  best  possible  state  of  tilth,  if  it 
is  deficient  in  plant  food,  it  should  be  lil3erally  feitilized  with  well- 
rotted  barnyard  manure,  which  may  be  supplemented  with  commer- 
cial fertilizei*s  if  the  soil  is  not  rich  enough  to  give  the  plants  a  good 
start  when  set  in  (he  field. 

One  of  the  first  consideratioii-  i..  ^yioducing  strong,  healthy  plants 
is  the  securing  of  good  seed.    Such  seed  are  usually  furnished  by  the 
canning  companies,  but  it  is  advisable  to  make  germination  tests  of 
the  seed  before  planting.    Plants  are  grow?'  >"  i">fiw.,i.   ,./.i.i  ft.ii.u.c 
or  in  seedbeds  in  the  open  ground. 

The  safest  and  surest  way  of  growing  tomato  plants  is  by  the  use  of  hotbeds. 

These  can  be  constructed  of  2-ihch  planks  nailed  or  bolted  together  in  the  form 

of  a  rectangular  box,  generally  6  feet  wide  and  as  long  as  desired.     [Fig.  2.] 

The  box  should  be  so  made  that  when  the  bottom  '-  ' — '.  the  sash  will  slope  1 

77.>42''— Bull.  4.35—11 1 
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inch  to  the  foot,  which  will  make  it  6  inches  higher  on  one  side  than  on  the 
other.  This  slope  permits  the  sun's  rays  to  enter  more  freely  and  allows  water 
to  run  off  quickly.  The  bed  should  be  located  on  a  southern  slope  if  possible  and 
run  east  and  west,  with  the  lower  side  of  the  frame  toward  the  south.  If  a 
southern  exposure  can  not  be  secured,  a  -windbreak  may  be  constructed  on  the 
north  side  and  the  ends  to  shut  off  the  cold  winds  from  these  directions.  The 
beds  should  also  be  near  the  house  and  near  a  plentiful  supply  of  water  in  order 
that  the  plants  may  be  carefully  and  easily  cared  for. 

Common  stable  horse  manure  containing  no  litter,  mixed  with  from  one-third 
to  one-half  its  amount  of  straw  or  leaves,  is  used  for  providing  the  artificial 
heat.  Straw  or  leaves  should  be  added  to  prolong  the  heating  period  of  the 
manure  and  to  keep  it  from  heating  too  violently.  The  manure  is  gathered 
fresh  from  the  stable,  piled  up,  and  allowed  to  heat.  When  heated  through  it 
is  forked  over  and  allowed  to  heat  again.  During  the  heating  it  should  be  kept 
under  shelter,  as  heavy  drenchings  make  it  almost  worthless.  After  it  is  well 
heated  through  the  second  time,  it  is  put  in  the  hotbed  excavation  almost  to 
the  sash  level,  care  being  taken  to  spread  it  evenly  and  to  have  the  corners  well 
filled.  After  the  manure  has  again  warmed  up  it  should  be  firmed  by  tramping. 
The  bed  is  now  ready  for  the* soil. 

Five  or  six  inches  of  rich  soil  containing  much  humus  and  sand  are  then 
placed  upon  the  manure,  and  after  the  temperature  of  the  soil  has  dropped  to 
90°  F.  the  seed  may  be  sown.  A  good  soil  for  this  purpose  can  be  prepared  by 
making  a  compost  heap  consisting  of  alternate  layers  of  June  grass  sod  and 
barnyard  manure  eight  or  ten  months  before  it  is  to  be  used.  This  will  give  a 
loose,  rich  soil  very  well  adapted  to  hotbed  work. 

The  bed  should  be  prepared  early  in  the  spring,  so  that  the  seed  may  be 
sown  from  the  first  to  the  middle  of  March,  which  will  give  plenty  of  time  for 
the  developing  of  good-sized  plants.  The  seed  should  be  sown  thinly  from  one- 
fourth  to  one-half  inch  deep,  and  preferably  in  rows  4  to  6  inches  apart,  thus 
giving  an  opportunity  for  thinning  and  stirring  the  soil.  Broadcast  sowing, 
although  not  uncommon,  is  not  to  be  recommended. 

On  warm  days  the  bed  should  be  ventilated  to  make  the  plants  grow  stocky 
and  prevent  them  from  wilting.  Tomatoes  thrive  best  at  a  temperature  of 
from  75°  to  85°  during  the  day  and  about  60°  at  night.  In  watering  the  aim 
should  be  to  water  thoroughly,  but  not  often.  The  practice  of  adding  a  small 
amount  of  water  each  day  should  never  be  followed,  as  it  encourages  the 
growth  of  insects  and  diseases,  and  benefits  the  plant  but  little,  since  the 
moisture  does  not  reach  the  roots. 

A  week  or  ten  days  before  the  time  to  transplant  into  the  field,  or  earlier,  if 
the  weather  permits,  the  sash  should  be  removed  during  the  day  to  harden 
off  the  plants.  It  is  also  a  good  plan  to  stop  watering  at  this  time,  and  then 
wet  down  thoroughly  just  before  taking  to  the  field. 

Different  materials  are  used  for  covering  hotbeds.  A  cheap  and  quite  common 
one  is  light  canvas  or  heavy  sheeting  which  has  been  oiled.  A  more  substantial 
covering  is  the  hotbed  sash,  which  is  coming  into  use  more  and  more,  as  it  is 
more  reliable  than  the  cloth,  and  makes  it  possible  to  control  the  temperature 
with  more  certainty. 

A  cold  frame  differs  from  a  hotbed  in  that  no  artificial  heat  is  used.  They 
are  usually  started  and  the  seed  sown  the  last  of  March  or  first  of  April. 
Otherwise  their  construction  and  care  is  the  same  as  that  given  above  for 
hotbeds. 

The  growth  of  plants  in  seedbeds  in  the  open  ground  is  not  considered  satis- 
factory in  the  latitude  of  Indiana. 
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The  young  plants  are  set  in  the  field  as  soon  as  possible 
danger  of  frost  is  past,  usually  from  May  15  to  June  10,  in  Indiana. 
The  best  time  for  transplanting  is  on  cloudy  days,  when  the  soil  is 
moist,  or  in  the  mornings  and  evenings  if  the  days  are  warm  and 
sunshiny.  The  depth  of  setting  varies  with  the  size  of  the  plants. 
If  they  are  short  and  stocky  4  to  G  inches  is  sufficient,  but  if  the 
stems  are  long  they  nuiy  be  set  even  a  foot  deep  without  injury,  if 
the  subsoil  permits.  The  plants  should  be  set  at  distances  of  from 
4  by  5  to  T)  by  5  feet  with  the  varieties  that  are  now  being  grown 
for  canning  purposes.  As  soon  as  possible  after  the  plants  have 
been  set  in  the  field  they  should  be  cultivated,  and  the  first  cultiva- 
tion may  be  rather  deep  and  close  to  the  plants,  the  shovels  of  the 
cultivator  being  set  to  throw  the  dirt  slightly  toward  them.  Shallow 
cultivation  farther  away  from  the  plants  should  follow  at  intervals 
of  from  7  to  10  days.  Cultivation  should  cease,  as  a  rule,  when  the 
first  fruits  are  beginning  to  set  on  the  vines. 

If  the  plants  are  still  small  they  may  be  cultivated  once  between  each  row, 
care  beinp  taken  not  to  shake  the  vines,  which  causes  the  small  fruit  to  drop. 
IMauts  properly  cared  for  will  usually  cover  a  considerable  portion  of  the  ground 
when  the  fruits  begin  to  form,  thus  preventing  evaporation  to  a  great  extent. 
Throughout  the  remainder  of  the  season,  two  or  three  thorough  hoeings  will 
generally  be  sulliciont  lo  keep  the  weeds  under  control. 

The  tool  commonly  used  in  caring  for  the  crop  is  the  two-horse  corn  culti- 
vator. One  of  these  should  be  selected  with  several  small  teeth  to  break  the 
soil  in  preference  to  those  having  two  large  shovels,  which  leave  the  soil  in 
ridges.     Level  and  shallow  cultivation  is  preferable  to  hilling  or  ridging. 

The  time  of  harvesting  depends  to  a  large  extent  on  the  time  of 
transplanting  and  the  weather  conditions  when  the  first  fruits  are 
setting.  Under  favorable  conditions  the  first  picking  occurs  about 
80  days  after  the  plants  are  set  in  the  field.  As  already  indicated, 
care  should  be  taken  in  removing  the  fruits  not  to  move  the  vine 
moi:e  than  is  absolutely  necessary. 

The  favorite  variety  throughout  the  tomato-growing  section  of 
Indiana  is  the  Stone,  although  this  variety  is  not  considered  ideal 
for  the  purpose.  A  good  type  of  tomato  for  canning  purposes 
should  possess  the  following  characteristics: 

(1)   Fruit  smooth,  without  ridges  and  without  a  depression  at  the  stem  end; 
(2)   interior  firm  and  well  formed:    i'i)    vine  an  upright  grower,  witii  strong? 
stems;  (4)  plant  producing  a  large  weight  of  fruit  throughout  the  seast- 
uniform  red  color,  which  remains  bright  during  jireserving  processes. 

The  tomato  is  subject  to  attacks  of  various  insect  pests  and  diseases, 
among  which  are  the  tomato  worm,  which  can  lx»  controlled  by  the 
use  of  sprays  of  Paris  green  and  arsenate  of  lead  or  b}-  hand  picking; 
cutworms,  which  may  be  controlled  to  some  extent  by  plowing  the 
soil  two  weeks  before  transplanting  and  by  the  use  of  poisoned  baits; 

the  stalk   hnroi'.   \v])i<]|    ni!iv  hp  cniif  rolled  tO  SOine  oxfciif    liv  <li«'   nre- 
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ventive  measures  of  keeping  the  field  free  from  Aveeds  and  foreign 
plants  and  practicing  a  rotation  of  crops;  point  rqt,  for  which  there 
is  at  present  no  effective  means  of  control ;  ripe  rot  or  anthracnose, 
the  injury  from  which  may  be  reduced  by  destroying  diseased  fruits 
and  planting  far  enough  apart  to  admit  light  and  air  into  the  plants; 
and  leaf-spot  diseases,  the  standard  remedy  for  which  is  spraying 
with  Bordeaux  mixture. 

It  is  stated  that  with  proper  care  and  a  good  season  without  ex- 
ceptional losses  from  insects  and  diseases  yields  may  be  expected  to 
run  from  6  to  12  tons  per  acre  in  Indiana.  The  opinion  is  expressed 
that  the  yield  could  easily  be  raised  to  12  or  15  tons  per  acre  by 
following  the  improved  methods  suggested.  Roughly  speaking,  it 
requires  a  yield  of  at  least  5  tons  per  acre  to  pay  expenses  at  the 
usual  contract  prices.  The  cost  of  growing  depends  largely  upon  the 
methods  followed.  Estimates  of  reliable  growers  place  it  at  from 
$25  to  $50  per  acre.  Probably  $35  may  be  considered  a  fair  estimate. 
The  price  received  for  the  crop  varies  from  $7  to  $8.50  per  ton.  It 
thus  appears  that  under  the  best  conditions  a  profit  of  from  $50  to 
$75  per  acre  may  be  realized.  If,  however,  "  the  crop  does  not 
receive  the  care  and  attention  that  it  should,  the  profits  are  often 
very  small,  and  in  some  cases  the  grower  does  not  get  any  more  out 
of  his  crop  than  the  cost  of  producing  it." 

The  whole  subject  of  tomato  culture,  including  growing  for  can- 
neries, is  treated  by  L.  C.  Corbett  in  a  Farmers'  Bulletin  of  this 
Department,"  the  purpose  of  this  article  being  to  call  particular  atten- 
tion to  certain  points  Avhich  have  been  found  to  be  neglected  in 
practice. 

LIME  SULPHUR  AS  A  FUNGICIDK^' 

The  use  of  some  form  of  lime  sulphur  as  a  substitute  for  Bordeaux 
mixture  in  combating  fungus  diseases  of  the  orchard  is  at  the  present 
time  of  great  interest  to  fruit  growers,  as  is  evidenced  by  the  constant 
demand  for  definite  and  reliable  data  on  the  fungicidal  value  of  the 
various  lime-sulphur  mixtures. 

Some  form  of  powdered  sulphur  has  been  used  for  years  by  the 
French  vineyardists  in  combating  the  grape  oidium,  a  fungus  disease 
which  often  causes  serious  losses  to  European  vine  growers.    On  the 

«U.  S.  Dept.  Agr.,  Farmers'  Bui.  220. 

''Compiled  from  Delaware  Sta.  Bui.  85;  Maryland  Sta.  Bui.  143;  Michigan 
Sta.  Bui.  49;  New  York  Cornell  Sta.  Bui.  276;  New  York  State  Sta.  Bui.  320; 
Oregon  Sta.  Bui.  106;  Pennsylvania  Sta.  Bui.  92;  Tennessee  Sta.  Bui.  88;  Vir- 
ginia Sta.  Bui.  188;  U.  S.  Dept.  Agr.,  F»ur.  Plant  Indus.  Buls.  15.5,  174;  Circs. 
27,  54,  58;  The  summer  use  of  concentrated  lime  sulphur,  by  H.  H.  Whetzel : 
Reprint  from  Proc.  N.  Y.  State  Fruit  Growers'  Assoc,  9  (1910),  pp.  31-44; 
Rev.  Vit.,  33  (1910),  No.  862,  pp.  691,  692;  Jour.  Bd.  Agr.  [London],  17  (1910), 
No.  3,  pp.  184-189;  Fruit-Grower,  20  (1909),  No.  1,  pp.  6,  7. 
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Pacific  slope  homo-boiloil  liiiio-sulphui    ........... ..w...    .,,k,<   i,*ii.  ,,-A»i 

for  a  number  of  years  in  fighting  the  San  Jbs^»  scale,  but  only  in 
recent  years  has  the  use  of  lime  sulphur  as  a  general  fungicide  been 
considered  and  experiments  carried  out  on  a  large  scale  to  determine 
the  efficiency  of  the  various  lime-sulphur  mixtures  in  controlling 
fungus  diseases,  especially  of  the  orchard. 

The  standard  fungicide  is  Bordeaux  mixture,  but  thi.  i.i<i^>  *.i.  . . . 
tain  varieties  of  trees  and  under  certain  weather  conditions  often 
russets  the  fruit  or  causes  serious  damage  to  the  foliage,  especially 
when  used  during  the  summer.  This  is  the  case  with  many  varieties 
of  stone  fruits,  notably  the  peach.  For  this  reason  there  is  a  demand 
for  a  spray  that  can  be  used  on  the  foliage  of  these  more  sensitive 
trees  without  injury,  and  yet  control  the  p?<'v-.h>i.f  ...wi  ;,,;,...;...,. 
fungus  diseases  to  which  they  are  subject. 

There  are  three  types  of  lime-sulphur  sprays,  as  follows:  Sell- 
boiled  lime-sulphur  mixture,  home-boiled  lime-sulphur  wash,  and 
factory- boiled  lime-sulphur  solution,  or  concentrated  lime  sulphur, 
as  it  is  usually  known. 

The  self -boiled  lime-sulphur  mixture  of  Scott,  which  was  devt^l- 
oped  primarily  for  spraying  peach  trees,  is  the  spray  commonly 
meant  when  speaking  of  the  self-boiled  lime-sulphur  preparations. 
It  is  made  by  using  8  pounds  of  fresh  stone  lime  and  8  pounds  of 
sulphur — either  flowers  or  flour  of  sulphur — to  50  gallons  of  water, 
commonly  designated  as  an  8:8:50  mixture,  or  the  strength  may 
vary  from  0:G:50  to  10:  10:50,  governed  by  the  time  of  year  it  is 
to  be  applied,  the  kind  of  fruit  trees  to  be  sprayed,  and  the  fungus 
to  be  controlled.  The  mixture  can  best  be  prepared  in  rather  large 
quantities,  say,  enough  for  200  gallons  at  a  time,  making  the  for- 
mula 32  pounds  of  lime  and  32  pounds  of  sulphur  to  be  cooked  with 
a  small  quantity  of  water — 8  or  10  gallons — and  then  diluted  to  200 
gallons.  The  lime  should  be  placed  in  a  barrel  and  enough  water 
poured  on  to  almost  cover  it.  As  soon  as  the  lime  begins  to  slake  the 
sulphur  should  be  added,  after  first  running  it  through  a  sieve  to 
take  out  the  lumps.  The  mixture  should  be  constantly  stirred  and 
more  water  added  as  needed  to  form  a  thick  paste  at  first,  and  then 
gradually  a  thin  paste.  The  lime  will  supply  enough  heat  to  boil  the 
mixture  several  minutes.  When  well  slaked,  water  should  be  added 
to  cool  the  mixture  and  prevent  further  cooking.  It  is  then  ready  to 
be  strained  into  the  spray  tank,  diluted,  and  applied.  Care  must 
l^  taken  not  to  allow  the  boiling  to  proceed  too  far,  as  some  of  the 
sulphur  will  then  go  into  solution,  forming  sulphids,  which  are  in- 
jurious to  the  foliage.  The  intense  heat,  violent  boiling,  and  con- 
stant stirring  results  in  a  uniform  mixture  of  finely-divided  sulphur 
and  lime,  with  only  a  very  small  percentage  of  the  sulphur  in  solu- 
tion.   This  mixture  should  be  applied  immediately  after  it  is  made 
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with  a  good  spraying  outfit  equipped  with  an  agitator,  Vermorel 
nozzles,  etc. 

The  home-boiled  concentrated  lime-sulphur  solution — Cordley's — 
is  prepared  as  follows:  Sulphur,  110  pounds;  good  stone  lime,  25 
pounds.  Slake  the  lime  in  a  kettle,  making  a  paste  of  the  sulphur 
with  a  little  water,  add  the  sulphur  paste  to  the  slaked  lime,  and  add 
water  to  make  60  gallons.  Boil  30  to  40  minutes.  Allow  to  settle, 
and  then  pour  off  the  clear,  amber  liquid,  of  which  there  should  be 
approximately  45  gallons,  testing  30°  by  the  Baume  hydrometer. 
This  concentrated  stock  solution  is  then  diluted  to  1 :  12,  1 :  30,  etc., 
according  to  the  season  of  the  year  and  the  trees  to  be  sprayed. 

The  commercial  lime-sulphur  concentrated  solutions  were  first  de- 
vised as  a  substitute  for  the  ordinary  home-boiled  lime-sulphur  prep- 
arations used  for  San  Jose  scale.  Several  of  these  brands  on  the 
market  have  been  tested  by  reliable  experimenters  in  the  United 
States  for  the  control  of  certain  orchard  diseases.  These  concen- 
trated lime-sulphur  mixtures  must  be  diluted  before  using  as 
fungicides. 

Of  the  three  types  of  lime-sulphur  preparations,  the  so-called  self- 
boiled  lime-sulphur  spray  of  Scott  has  probably  been  the  most 
w^idely  and  thoroughly  tested  by  reliable  investigators  and  orchard- 
ists  as  to  its  fungicidal  value  in  combating  the  various  orchard  dis- 
eases. W.  M.  Scott,  of  the  Bureau  of  Plant  Industry,  has  been 
especially  active  in  the  past  three  years  in  testing  its  efficacy  as  a 
substitute  for  Bordeaux  mixture  on  fruit  trees  where  the  Bordeaux 
spray  would  injure  the  fruit  or  the  foliage.  These  experiments  have 
included  tests  on  peach  brown  rot,  peach  scab,  cherry  leaf  spot,  apple 
scab,  apple  leaf  spot,  sooty  mold,  bitter  rot,  and  apple  blotch,  in  many 
States,  and  with  various  varieties  of  peaches  and  apples.  The 
efficiency  of  the  self-boiled  mixture  in  controlling  the  peach  brown 
rot  and  peach  scab  has  been  tested  in  Georgia,  Arkansas,  West  Vir- 
ginia, Delaware,  Marjdand,  Tennessee,  and  Illinois,  and  in  the  ma- 
jority of  cases  has  proved  very  successful,  especially  in  Georgia, 
Arkansas,  West  Virginia,  and  Illinois,  where  the  peach  trees  were 
sprayed  three  to  four  times  with  an  8 : 8 :  50  solution,  to  which  2 
pounds  of  arsenate  of  lead  was  added  when  the  curculio  was  bad. 

In  addition  to  controlling  the  brown  rot  and  the  scab  without  in- 
jury to  the  foliage,  the  fruit  sprayed  with  the  self -boiled  lime-sulphur 
was  larger,  more  highly  colored,  presented  a  much  better  appearance 
in  the  package,  carried  to  market  better,  and  commanded  a  higher 
price  than  the  unsprayed  fruit.  However,  there  is  some  danger  of 
staining  the  fruit  if  the  mixture  is  applied  within  two  or  three  weeks 
of  the  ripening  period. 

Very  satisfactory  results  were  obtained  with  this  mixture  in  con- 
trolling the  cherry  leaf  spot  and  leaf  diseases  in  general  of  the  peach 
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and  cherry.  On  vnrieties  of  apples  subject  to  russeting  and  foliage 
injury  from  Bordeaux  mixture,  the  self-boiled  lime-sulphur  prepara- 
tion has  proved  a  fjood  substitute  for  controlling;  leaf  spot,  fruit  spot, 
sooty  funfjus,  and  for  mild  cases  of  scab  infection,  without  injury  to 
the  fruit  or  foliafje,  but  is  of  doubtful  value  in  controllin<ir  apple 
blotch  and  bitter  rot.  Two  pounds  of  arsenate  of  lead  added  to 
every  50  *rallons  of  the  self-boiled  mixture  proved  of  value  in  control- 
ling; the  codling;  moth  and  was  entirely  harmless  to  the  apple  foliage. 

The  self-boiled  lime-sulphur  mixture  seems,  therefore,  to  be  of 
value,  especially  as  a  summer  spray  for  the  fungus  diseases  of  the 
peach  and  cherry  and  for  several  diseases  of  the  apple,  and  does  not 
injure  the  foliage  nor  fruit  when  properly  prepared  and  applied. 
It  has  not  proved  efficient  in  this  country  against  black  rot  of  the 
grape,  although  a  modified  self-boiled  lime-sulphur  mixture  consist- 
ing of  2  pounds  of  sulphur,  1  pound  of  lime,  and  2  pounds  of  copper 
sulphate,  diluted  to  1  and  IJ  per  cent  solutions,  is  reported  by  a 
French  vineyardist  as  having  given  complete  protection  to  his  vine- 
yard of  30,000  plants  against  the  grape  oidium  for  the  past  10  years. 
A  somew^hat  similar  spray  has  recently  been  tested  by  M.  B.  Waite, 
of  the  Bureau  of  Plant  Industry,  on  the  apple  with  success  against 
fungus  diseases,  but  with  some  russeting  and  foliage  injury  to  certain 
varieties. 

The  self-boiled  lime-sulphur  mixture  has  also  been  tested  on 
tomatoes,  cabbages,  onions,  strawberries,  peas,  celery,  sweet  potatoes, 
asparagus,  and  cantaloups,  chiefly  to  ascertain  whether  injurious 
effects  would  ensue.  With  the  exception  of  the  cantaloups,  no  dam- 
age was  noted  on  the  plants  sprayed,  and  slight  if  any  benefit  was 
derived  in  the  prevention  or  control  of  diseases. 

The  home-boiled  and  commercial  lime-sulphur  sprays  are  prepara- 
tions in  which  much  of  the  sulphur  has  chemically  combined  with  the 
lime,  forming  various  sulphids,  some  of  which  are  very  injurious  to 
the  foliage  of  grapes,  peaches,  and  apples,  but  with  the  proper  dilu- 
tion both  have  proved  valuable  fungicides  in  controlling  certain 
diseases.  The  commercial  lime-sulphur  spray  has  proved  very  elFec- 
tive  against  peach  leaf  curl  and  apple  scab,  but  fruit  subject  to  bitter 
rot  must  be  treated  with  a  stronger  fungicide.  The  dilution  of  the 
self-boiled  and  commercial  mixtures  varies  with  the  time  of  applica- 
tion, variety  of  tree,  and  the  disease.  In  some  instances  serious  in- 
jury to  foliage  has  followed  the  application  of  too  concentrated 
solutions,  especially  of  the*  commercial  preparations.  Arsenate  of 
lead  may  be  used  with  either  preparation  without  any  additional  risk 
of  foliage  injury. 

In  general,  then,  it  w^ould  seem  that  the  self-lx)iled  lime-sulphur 
mixture  is  the  best  for  the  peach,  and  either  the  commercial  or  the 
home-boiled  solution  for  the  apple.  The  home-lx)iled  mixture  has 
also  been  tested  in  England  on  the  hop  mildew,  goosel>erry  mil- 
dew, and  apple  scab,  where  it  ry  efficacious  in  combating  the 
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hop  mildew,  and  is  recommended  for  trial  against  powdery  mildews 
and  apple  scab. 

For  details  as  to  number  of  applications,  dilutions  to  be  used, 
methods  of  preparation,  etc.,  see  list  of  bulletins  from  which  this 
compilation  was  made  on  page  12,  especially  Bureau  of  Plant  In- 
dustry Bulletin  174  and  Circulars  27  and  54. 

MARKET  CLASSES  AND  GRADES  OF  MEAT." 

The  importance  of  a  knowledge  of  the  standard  requirements  of 
the  meat  market  on  the  part  of  the  producer  is  pointed  out  by  L.  D. 
Hall  in  a  bulletin  of  the  Illinois  Station  dealing  in  a  very  compre- 
hensive way  with  the  market  classes  and  grades  of  meat. 

Breeders,  feeders,  or  investigators  who  consider  only  the  cost  of  production 
and  the  market  value  of  the  live  animal,  ignoring  the  demands  of  the  meat 
trade,  overlook  one  of  the  most  important  factors  that  affect  the  live-stock 
market  and  may  thus  fail  to  follow  the  most  rational  lines  of  improvement  in 
breeding  and  feeding.  *  *  *  With  an  understanding  of  meat-trade  require- 
ments it  is  possible  for  a  stockman  to  judge  the  carcass  yield  and  quality  of 
his  animals  as  intelligently  as  buyers  at  the  stockyards ;  because  his  knowledge 
of  the  feeds  used,  length  of  feeding  period,  and  gains  made  are  as  essential  in 
making  such  estimates  as  the  apparent  form,  condition,  and  quality  of  the  fat 
animal,  upon  which  points  the  buyer  must  chiefly  rely. 

The  descriptions  presented  below  are  based  on  data  secured  in  an 
investigation  at  wholesale  meat  markets  at  the  Union  Stock  Yards, 
Chicago,  and  also  at  prominent  wholesale  and  retail  markets  in 
Chicago  and  other  cities  which  are  supplied  from  the  large  houses 
at  the  Union  Stock  Yards,  and  may  be  considered  standard  for  all 
the  great  packing  centers  of  this  country;  and  since  most  American 
wholesale  markets  are  supplied  from  these  centers,  the  classification 
may  be  regarded  as  standard  for  the  country.  It  should  be  borne 
in  mind  that  the  classifications  are  those  of  the  wholesale  meat  trade 
and  not  of  the  live-stock  market,  and  that  the  weights  given  refer 
to  dressed  carcasses  and  cuts,  and  in  no  case  to  live  animals. 

BEEF. 

1.  Carcass  beef. — This  includes  both  full  sides  and  quarters  (fig.  3).  The 
classes  are  steers,  heifers,  cows,  and  bulls  and  stags.  The  classes  differ  not 
only  in  sex,  but  also  in  the  uses  to  which  they  are  adapted. 

The  grades  within  the  classes  are  prime,  choice,  good,  medium,  common,  and 
canners.  The  grades  are  based  on  differences  in  form,  thickness,  finish,  quality, 
soundness,  and  weight. 

"  Native "  carcass  beef  has  sufficient  finish  to  indicate  grain  feeding,  is 
comparatively  compact  in  form,  thickly  fleshed,  mature  in  proportion  to  age, 
and  consists  chiefly  of  medium  to  prime  steers,  heifers,  and  cows  of  the  heavier 
weights.  "  Westerns "  are  relatively  "  rangy "  in  form,  "  grassy "  in  color 
and  general  appearance,  coarser  in  quality  and  inferior  to  "  natives  "  in  finish, 
consisting  largely  of  common  to  good  cows  and  steers.     "  Texas "  beeves  are 


o  Compiled  from  Illinois  Sta.  Bui.  147,  Abstract. 
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IlKht-woluht  t»arc«H«o»«,   Inferior  ilnlsh,   niul  quality, 

usually  brulstMl  juuI  hIiowIuk  ouusitlnahlo  a^'i-,  cvuiNlsiiuK  chiefly  of  nHMlluni, 
ooiiinion,  and  canucr  cows  and  stiM»rs.  Those  toriuK  have  much  loss  mHijrrnjJil. m] 
sij:uin<anco  than  formerly. 

••  Yearllnjrs"  are  CMrcjisses  of  young  steers  and  heifers  of  400  to  700  jn 

dressiMl  weight,  with  sutflclent  quality  and  finish  to  be  sold  at  retail  on  the  butch- 
er's bliK'k.  "  Butcher  cat- 
tle" are  those  especially 
adaptetl  to  "  butcher-shop  " 
trade  and  consist  princi- 
pally of  nxHliuni  to  choice 
heifers,  stt»ers,  and  cows. 
••  Ko.sher  '*  cattle  are  beeves 
that  have  been  slaugh- 
tered. lnsi)ecttHl,  cleansed,  * 
and  labeled  In  accordance 
with  Jewish  rites,  and  in- 
clude nKKlium  to  choice 
steers,  cows,  and  heifers. 
"Distillers"  are  .steers, 
bulls,  and  stags  that  have 
soft,  •*  washy "  flesh  and 
"  high  color,"  character- 
istic of  cattle  fattened  on 
distillery  slops.  They  are 
principally  of  medium  and 
go(Kl  grades. 

"Shipping  beef"  refers 
to  that  sent  to  Eastern 
cities  and  consists  chiefly 
of  sttH^rs,  heifers  and  cows 
of  nuHlium  to  prime  grades. 
•  Export  beef  "  Is  made  up 
mainly  of  medium  to  choice 
steers,  and  Includes  good 
and  choice  heifers,  heavy 
cows,  bulls,  and  stags. 

2.  Beef  cuts.— The 
"straight  cuts"  are  loins, 
ribs,  rounds,  chucks,  plates, 
flanks,  and  shanks  (fig.  3). 

The  grades  of  beef  cuts  are  No.  1,  No.  2 
;.  fnf  «iopeuds  upon  its  thickness,  coverinir 


Fig.  3.— Cuts  of  beef :  1,  2.  3,  round  :  4,  5,  6.  loin  ;  7,  rib ; 
8,  chuck;  0,  flank;  10,  11,  plate;  12,  shank;  13.  sutt ; 
1.  hind  shank;  2,  round  (rump  and  hind  shank  off)  ;  3, 
rump  ;  4,  ."»,  loin  end  ;  G,  pinbone  loin  ;  5,  G,  flatboue 
loin;  10,  navel;  11,  brisket;  1,  2,  3,  4,  5,  6,  9.  hind 
quarter;  7,  8,  10,  11,  12,  fore  quarter;  7,  8,  back; 
7.  10,  piece;  8,  11,  12,  Kosher  chuck;  8,  10,  11,  12, 
triangle  ;  a,  aitch-bone  ;  6,  rump-honp ;  r.  crotch  ;  d, 
cod;  €,  chine-bones;  f,  "buttons 
bone. 


No.  3, 


and  strippers. 


The  grade  of 


Percentage  of  '*  straight '^  beef  rur.'<  to  fanass  tn  KjUt. 


CuU. 

Loins. 

Rib6. 

Round  . 

Chucks. 

Plates. 

Flanks. 

Shanks. 

8u«t. 

Extreme..                                             '    15- fg 
Convenlionai                                         j         17 

8-11 
9 

20-26 
23 

21-27 
26 

12-16 
13 

2-5 

4 

3-7 
4 
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Various  other  wholesale  cuts  are  made  from  the  "  straight "  cuts,  and  in 
general  are  graded  in  a  similar  manner  (fig.  3). 

3.  Cured  beef  products. — These  are  (1)  barreled,  (2)  smoked,  and  (3)  canned 
beef. 

Barreled  beef  is  packed  in  brine.  The  standard  grades  are  extra  India 
mess,  extra  plate,  regular  plate,  packet,  common  plate,  rolled  boneless,  prime 
mess,  extra  mess,  ruilip  butt  and  mess  chuck  beef,  beef  hams,  and  Scotch 
buttocks. 

Smoked  beef  is  cured  in  sweet  pickle,  dried,  and  smoked.  It  consists  of  dried 
beef  hams,  dried  beef  clods,  and  smoked  brisket  beef. 


Fig.  4. — Cuts  of  veal :  1,  2,  saddle  (or  2 
bind  quarters)  ;  3,  4,  rack  (or  2  fore 
quarters);  1,  leg;  2,  loin;  3,  ribs;  4, 
stew. 


Fig.  5. — Cuts  of  mutton  and  lamb :  1,  2, 
saddle  ;  3,  4,  5,  rack ;  1,  2,  3,  long  sad- 
dle;  2,  3,  4,  5,  body;  1,  leg;  2,  loin; 
3,  sbort  rack ;  2,  3,  back  ;  4,  breast ; 
5,  chuck  ;  4,  5,  stew. 


Canned  beef  is  sealed  in  tins  or  glass  jars,  usually  after  partial  curing  and 

cooking.     It  consists  principally  of  chipped  beef,  beef  loaf,  corned  beef,  and 

roast  beef.  „^^^ 

VEAL. 

1.  Carcass  veal. — This  consists  of  whole  carcasses,  which  are  usually  sold  with 
the  skin  on. 

The  grades  are  choice,  good,  medium,  light,  and  heavy.  The  grade  of  a  car- 
cass is  determined  by  its  form,  quality,  finish,  and  weight. 

"  Native  "  calves  have  white,  fine-grained  flesh  and  long,  soft  hair.  "  West- 
erns "  have  comparatively  coarse,  dark-colored  flesh,  "  rangy  "  form,  and  short, 
straight  hair. 

2.  Veal  cuts. — The  regular  cuts  are  saddles  and  racks.  Each  is  about  one- 
half,  by  weight,  of  the  skinned  carcass  (fig.  4).  They  are  graded  as  choice, 
good,  medium,  and  common,  according  to  the  same  factors  as  carcass  veal. 
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Subdivisions  of  tbe  regular  cuts  are  made  In  some  markets,  and  vimllarly 
1  (Up.  4).  Veal  legs  and  stews  each  contain  about  one-tbird  the  carcass 
i;  ribs  and  loins  about  one-sixth  each. 

MUTTON    AND    LAMB. 

1.  Carcass  mutton  and  lamb. — The  classes  are  wethers,  ewes,  bucks,  yearlings. 

iiui   lambs.      '«'' i.,<.i.i....fi,.,.    i<   I.......I    ,,n    .litr.. ,•,.,,,... c    ;,.    ^..v    ..,.,»    -i f 

laturily. 

The  gnult's   uiiiiiii   uic  fuisscs  mtc  nioict*.   i:<>(»(i,   nicMniin,  coiiniKtii,   :in<i  cniis. 

The  grade  of  a  carcass  is  determined  by  its  form,  quality,  covering,  and  weight. 

The  shli>|)lng  trade  goes  prlncii>ally  to  cities  in  the  eastern  seaboard  States 

lid      consists      largely 

t     nie<lluni    to    choice 

lambs. 

2.  Mutton  and  lamb 
ruts. — S  addles    and 

acks  are  the  cuts  most 

•mmonly     made;     but 

•gs.  loins,  short  racks, 
-lews,    and    backs    are 

Iso  quite  extensively 
-.Id     (fig.    5).      These 

iits     are     graded     as 

lioice.    good,    medium. 

lid  common,  according 

'>  their  shape,  quality, 

(•vering.  and  weight. 
Ill  relative  weights,  the 

arious  cuts  are  simi- 

ar  to  the  corresinrnd- 
iug  cuts  of  veal. 

PORK. 

1.  Dressed  hogs. — 
The  class(»s  are  smooth 
lieavy,  butcher,  pack- 
ing, and  bacon  hogs, 
shippers,  and  pigs. 
The  classification  is 
based  on  the  uses  to 
which  the  hogs  are 
adapted. 

Distinct  grades  are  recognized  only  in  the  packing  and  bacon  classe-s,  the 
former  being  based  on  weight  and  the  latter  chiefly  on  quality  and  finish. 

2.  Pork  cuts. — The  classes  are  bams,  sides,  bellies,  backs,  loins,  shoulders, 
tnitts  and  plates,  and  miscellaneous,  these  being  determined  »>"  *'''^  ...»••-  ^f  ti,o 

arcass  from  which  they  are  made  (fig.  6). 
The  grades  and  methods  of  grading  vary  widely  in  the  diiJcr<nt  f 

uts,  and  involve  not  only  their  quality,  shape,  finish,  and  weight,  bii 
-tyles  of  cutting  and  methods  of  packing  used. 

Pork  cuts  are  quoted  as  fresh  pork,  dry-salt,  and  bacon  meats,  barreled  or 
plain-pickled  pork,  sweet-pickled  meats,  smoked  meats,  "English"  meats,  and 
boiled  meats,   resi^ectively. 
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Fir..  6. — Cuts  of  pork  :  English  cuts — A,  long-cut  ham  ;  B, 
long  side  or  middle.  Domestic  cuts — 1,  short-cut  ham; 
2,  loin  ;  3,  belly  ;  4,  picnic  butt ;  5,  Boston  butt ;  6,  Jowl ; 
7,  hock  ;  8,  fat  back  ;  9.  clear  plate ;  2,  8.  back  ;  2,  3.  8, 
side;  4,  7.  picnic  shoulder;  5,  9,  shoulder  butt  :  "^  "  '  njf 
fat  back ;  4,  5,  7,  9,  rough  shoulder. 
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3.  Lard. — The  grades  are  kettle- rendered  leaf,  kettle-rendered,  neutral,  prime 
steam,  refined,  and  compound  lard.  The  grading  is  based  on  the  kinds  of  fats 
included,  method  of  rendering,  color,  flavor,  and  grain. 

KEEPING  POULTRY  FREE  FROM  LICE.« 

As  pointed  out  in  a  bulletin  of  the  Maine  Experiment  Station  by 
Raymond  Pearl  and  Frank  M.  Surface,  "  one  of  the  most  difficult 
and  trying  problems  which  the  poultry  keeper  has  to  meet  is  that  of 
keeping  his  poultry  houses  and  stock  reasonably  free  from  lice,  mites, 
and  other  external  parasites.'' 

After  testing  various  proprietary  preparations  and  finding  most 
of  them  very  expensi^^e  in  proportion  to  their  efficiency  the  station 
adopted  the  use  of  preparations  based  upon  formulas  proposed  by 
R.  C.  Lawry,  of  the  New  York  Cornell  Experiment  Station,  with 
very  satisfactory  results. 

For  the  birds  themselves  experience  has  shown  that  the  best  way  to  get 
rid  of  the  lice  is  by  the  use  of  a  dusting  powder  to  be  worked  into  the  feathers. 
In  using  any  kind  of  lice  powder  on  poultry  *  *  *  it  should  always  be  re- 
membered that  a  single  application  of  powder  is  not  sufficient.  When  there 
are  lice  present  on  a  bird,  there  are  always  unhatched  eggs  of  lice  ("nits") 
present,  too.  The  proper  procedure  is  to  follow  up  a  first  application  of  powder 
with  a  second  at  an  interval  of  four  days  to  a  week.  If  the  birds  are  badly 
infested  at  the  beginning,  it  may  be  necessary  to  make  still  a  third  application. 
To  clean  the  cracks  and  crevices  of  the  woodwork  of  houses  and  nests  of  lice 
and  vermin,  a  liquid  spray  or  paint  is  probably  the  most  desirable  form  of  appli- 
cation. 

The  lice  powder  usecl  is  prepared  by  mixing  three  parts  of  gasoline 
with  one  part  of  crude  carbolic  acid,  90-95  per  cent  strength,  or,  if  the 
latter  can  not  be  obtained,  with  one  part  of  cresol,  and  adding  grad- 
ually, with  stirring,  enough  plaster  of  Paris  to  make  when  the  liquid 
is  uniformly  distributed  through  the  mass  of  plaster  a  dry,  pinkish- 
brown  powder  having  a  fairly  strong  carbolic  odor  and  a  rather  less 
pronounced  gasoline  odor.  As  a  general  rule,  it  will  take  about  4 
quarts  of  plaster  of  Paris  to  1  quart  of  the  liquid. 

This  powder  is  to  be  worked  into  the  feathers  of  the  birds  affected  with  vermin. 
The  bulk  of  the  application  should  be  in  the  fluff  around  the  vent  and  on  the 
ventral  side  of  the  body  and  in  the  fluff  under  the  wings.     *     *     * 

For  a  spray  or  paint  to  be  applied  to  roosting  boards,  nest  boxes,  or  walls  and 
floor  of  the  hen  houses  the  following  preparation  is  used :  Three  parts  of  kero- 
sene and  1  part  crude  carbolic  acid,  90-95  per  cent  strength.  This  is  stirred  up 
when  used  and  may  be  applied  with  any  of  the  hand  spray  pumps  or  with  a 
brush.  If  90-95  per  cent  crude  carbolic  acid  can  not  be  obtained,  cresol  may 
be  substituted  for  it  in  this  paint. 

The  routine  methods  used  by  the  station  are  as  follows : 

All  hatching  and  rearing  of  chickens  is  done  in  incubators  and  brooders.  The 
growing  chickens  are  never  allowed  to  come  into  any  contact  whatever  with  old 

c  Compiled  from  Maine  Sta.  Bui.  179,  p.  78. 
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heu8.  Therefore,  when  the  pulletM  are  ready  lo  ro  hito  the  hiying  hous*  ^ 
fall  they  are  fr<M»  from  Iloe.  Sometime  In  the  late  ftummer,  UHiially  In  Auj^usi  or 
early  In  Septemhor.  tlu'  laying  houseK  arr  ^Iven  a  thorouKh  rleanliiK.  They  are 
tirnt  seraped,  seourtHl,  and  waslunl  out  with  water  thrown  on  tl»e  wallH  and  floor 
with  as  much  pressure  as  iK>sslhle  from  a  hose.  They  are  then  Klven  two  thor- 
ough sprayings,  with  an  Interval  of  several  days  Intervening,  with  a  solution  of 
ei-esol  a  •  ♦  ♦,  Then  the  roosting  boards,  nests,  floors,  and  walls  to  a  height 
of  about  5  feet  are  thoroughly  sprayed  with  the  lice  i)alnt  (Icerosene  oil  and 
crude  carbolic  add  discriluMl  above).  Finally,  any  yearlings,  or  older  birds, 
whether  nuile  or  female,  which  are  to  be  kept  over  for  the  next  year's  work 
are  given  two  or  llir»H»  successive  dustings,  at  intervals  of  several  days  to  a 
weeli  between  each  application,  with  the  lice  ix)wder  descrll)ed  above  before 
they  are  put  Into  tlie  clean  houses. 

As  a  result  of  these  methods,  the  station's  poultry  plant  Is  :ii  nil  timi's  of  tho 
year  practically  free  of  lice. 

NEUFCHATEL  CHEESE.* 

The  soft -curd  rennet  cheese  known  as  Neufchatel,  made  extensively 
in  the  Department  of  Seine-Tnferieure,  France,  from  cow's  milk, 
either  whole  or  skimmed,  has  become  very  popular  in  the  United 
States,  but  in  this  country  the  process  of  manufacture  has  been  con- 
siderably changed,  so  that  as  now  made  it  represents  a  different  type 
and  is  ready  for  use  as  soon  as  made,  whereas  the  French  variety  is 
allowed  to  rij>en  for  several  weeks.  A  recent  Cornell  bulletin  de- 
scribes the  process  of  manufacture  as  now  practiced  in  both  countries. 

Foreign  method  of  manufacture. — Fresh  milk  is  set  at  85"  F.,  with  sufficient 
rennet  to  cause  a  thorougli  coagulation  in  twenty-four  to  thirty-six  hours.  The 
curd  is  then  placed  in  cheesecloth  bags  and  allowed  to  drain  for  some  twelve  to 
twenty-four  hours.  The  draining  is  assisted  by  the  application  of  light  pressure. 
When  the  curd  is  dry  enough  it  is  pressed  into  cylindrical  shajies  ]}  by  3  inches, 
and  salted  from  the  outside.  It  is  then  allowed  to  drain  for  several  hours  and  is 
placed  in  a  ripening  room,  where  in  a  few  wc»eks  it  becomes  covered  witli  wliite 

"This  cresol  solution  is  prepared  as  follows:  Measure  out  3i  quarts  of  raw 
linseed  oil  in  a  4  or  5  gallon  stone  crock ;  then  weigh  out  in  a  dish  1  pound  0 
ounces  of  commercial  lye  or  '*  Habblt's  i>otash."  Dissolve  this  lye  in  as  little 
water  as  will  completely  dissolve  it.  Start  with  one-half  pint  of  water,  and  If 
this  will  not  dissolve  all  the  lye  add  more  water  slowly.  Let  this  stand  for  at 
least  three  hours  until  the  lye  is  completely  dissolved  and  the  solution  is  cold; 
then  add  the  cold  lye  solution  very  slowly  to  the  linseed  oil,  stirring  constantly. 
Not  less  than  tlve  minutes  should  be  taken  for  the  adding  of  this  solution  of 
lye  to  the  oil.  After  the  lye  is  added  continue  tlie  stirring  until  the  mixture 
Is  in  the  condition  and  has  the  texture  of  a  smooth,  homogeneous  liquid  soap. 
This  ought  not  to  take  more  than  a  half  hour.  Then  while  the  soap  is  in  this 
liquid  state  and  before  it  has  a  chance  to  harden  add,  with  const^int  stirring, 
8i  quarts  of  commercial  cresol.  The  cresol  will  blend  perfectly  with  the  soap 
solution  and  make  a  clear,  dark-brown  fluid.  The  resulting  solution  of  cresol 
soap  is  then  ready  to  use.  This  cresol  soap  will  mix  in  any  proportion  with 
water  and  yield  a  clear  solution. 

*  Compiled  from  New  York  Cornell  Sta.  Bui.  270;  North  Carolina  Sta.  Bui.  210. 
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and  blue  mold.  The  cheese  is  then  placed  in  a  cellar  for  further  ripening,  and 
when  red  spots  appear  on  the  outside  it  is  wrapped  in  paper  and  tinfoil  and 
marketed. 

American  method  of  manufacture. — Fresh  sweet  milk  is  heated  to  165°  F. 
for  ten  minutes  and  then  cooled  immediately  to  72°  F.  Until  very  recently, 
the  milk  used  was  not  pasteurized,  but  the  great  difficulty  in  securing  reliable 
milk,  together  with  the  advantages  of  pasteurization  and  the  use  of  a  commer- 
cial starter,  have  made  the  heating  method  very  popular. 

In  large  factories  the  cheese  is  made  in  large  vats,  but  on  the  farm  it  can 
be  made  in  smaller  quantities  in  shotgun  cans  holding  about  30  pounds  of 
milk.  After  the  milk  is  cooled  to  72°  F.,  a  small  amount  of  commercial  starter 
is  added  and  enough  rennet  to  insure  a  thorough  coagulation  in  eighteen  hours. 
Usually  about  1  cubic  centimeter  of  commercial  starter  and  ^  cubic  centi- 
meter of  rennet  extract  is  sufficient  to  30  pounds  of  milk  if  the  temperature  is 
maintained  at  72°  F.  As  soon  as  the  milk  is  firmly  coagulated  it  is  placed 
on  a  cotton-covered  strainer  rack  or  in  cotton  bags  to  drain.  The  acidity 
of  the  exuding  whey  at  this  time  should  be  not  over  0.3  per  cent  or  the  flavor 
of  the  cheese  will  be  too  acid.  The  draining  process  requires  several  hours 
and  should  be  kept  up  until  all  free  whey  has  escaped.  Light  pressure,  such  as 
can  be  obtained  in  a  small  cheese  press,  aids  materially  in  expelling  the  whey. 
During  the  draining  process  the  curd  on  the  outer  surface  of  the  strainer  should 
be  stirred  occasionally  to  insure  even  drying.  As  soon  as  the  curd  is  sufficiently 
dry,  salt  is  added  at  the  rate  of  2i  ounces  to  10  pounds  of  curd.  At  this  time 
the  acidity  of  the  whey  should  be  not  over  0.5  per  cent.  The  cheese  should 
then  be  pressed  for  a  short  time  to  expel  excess  whey.  It  is  then  kneaded 
by  hand  and  finally  pressed  into  small  cylindrical  shapes  If  by  2f  inches, 
weighing  one-fourth  pound  each.  These  are  wrapped  in  parchment  paper  and 
tinfoil,  and  are  then  ready  for  market. 

Qualities  of  Neufchatel  cheese. — Neufchatel  cheese  should  have  a  distinct, 
mild,  clean  flavor  resembling  well-ripened  cream.  The  texture  should  be  fairly 
dry,  yet  smooth  and  entirely  free  from  lumps.  There  should  be  no  leaking 
whey,  and  each  cheese  should  be  neatly  wrapped.  The  cheese  will  usually 
keep  in  good  condition  for  two  weeks  if  kept  in  a  cold  place.  From  100  pounds 
of  milk  about  22  pounds  of  Neufchatel  cheese  can  be  made,  which  sells  for  20 
to  40  cents  per  pound,  depending  on  its  quality  and  the  manner  of  marketing. 

Precautions  to  observe  in  making  Neufchatel  cheese. — The  making  of  Neuf- 
chatel cheese  is  easy  and  very  profitable,  but  in  order  to  secure  a  uniformly 
good  product  each  day  strict  attention  must  be  given  to  the  control  of  tempera- 
ture, acidity,  and  moisture.  High  temperature,  too  much  rennet,  too  much 
acid,  too  rapid  drying  and  uneven  drying,  all  cause  lumpy  texture.  It  is  very 
important  that  the  curd  be  properly  coagulated  before  being  placed  in  the 
draining  process.  If  it  is  too  soft,  or  breaks  up  too  much  in  being  transferred 
from  the  can  to  the  strainer,  uneven  drying  usually  results. 

J.  Michels,  of  the  North  Carolina  Station,  states  that  American 
methods  of  making  Neufchatel  cheese  are  unsatisfactory  because 
they  are  too  slow,  the  souring  process  is  not  properly  controlled  with 
a  consequent  lack  of  uniformity  of  product,  and  the  product  is  not 
properly  packed.  A  method  of  procedure  which  he  found  was  not 
subject  to  these  objections  is  as  follows; 

Whole  milk  reenforced  with  an  amount  of  cream  equal  to  about  one-quarter 
that  in  the  whole  milk  makes  the  best  Neufchatel  cheese.    However,  whole  milk 
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without  the  addition  of  on^nm  will  make  a  very  siitlBfactory  cheefM* 
first  imimrtance  to  use  only  milk  which  Is  clean  an<l  free  from  tnlntK. 

When  the  clHH»st»  Is  made  on  a  small  scale,  common  cans  of  the  shotgun  style 
will  answer  for  handling  the  ndlk.  Where  several  hundred  |K)unds  of  milk  are 
iistHl  a  small  milk  or  cream  vat  may  he  usetl.  A  strainer  with  iH'rfonit.-.l  sM.s 
md  hottom  Is  also  neetlwl  to  drain  the  curd.     *     ♦     ♦ 

The  milk  should  be  treatetl  with  a  large  amount  of  starter  or  puu    

>f  lactic-acid  bacteria.    On  an  average,  1  ix)und  of  starter  to  4  ixiunds  of  milk 

will  give  best  results.    During  warm  weather  when  the  milk  has  already  riiientnl 

omewhat.  and  when  there  naturally   Is  a  more  rapid  developnient  of  lactic 

ifid.  one  part  of  starter  to  tlve  of  milk  will  he  about  right.    On  the  other  hand. 

luring  cold  weather  or  when  the  milk  Is  very  sweet,  It  is  best  to  use  at  tlio 

I  ate  of  one  imrt  starter,  to  three  parts  of  milk.     Thoroughly  beat  or  shake  tlio 

starter  and  strain  it  through  one  thickness  of  cheesecloth  hcfor.'  ;i(l<liii:z  it   t.» 

the  milk. 

As  soon  as  the  starter  has  been  added,  heat  iho  milk  to  8(J     i  .  ......  a«l(l  at 

he  rate  of  2i  ounces  of  commercial  rennet  extract  r)er  1,000  iwunds  of  milk. 
The  rennet  extract  should  be  diluted  with  water  to  the  extent  of  about  eight 
imes  Its  own  volume  and  then  thoroughly  mixed  with  the  milk.  The  mixing 
should  not  be  continued  for  more  than  three  minutes.  This  prec*autIou  Is  neces- 
sary, as  the  milk  begins  to  thicken  in  about  five  minutes.  Cover  the  milk  and 
allow  it  to  stand  quietly  for  30  to  GO  minutes,  according  to  the  amount  of  starter 
usetl.    The  more  starter  used  the  quicker  the  milk  will  curdle. 

While  the  milk  will  usually  be  ready  to  cut  in  from  30  to  GO  minutes,  it  is 
best  to  determine  when  this  point  is  reached,  as  for  Cheddar  cheese,  by  breaking 
the  curd  with  the  forefinger.  If  the  whey  in  the  break  is  clear,  the  curd  is 
ready  to  cut;  If  milky,  the  curdling  has  not  i)rogressed  far  enough.  In  general, 
the  curd  should  be  somewhat  firmer  than  for  Cheddar  cheese  before  cutting. 

W^here  much  cheese  is  made,  the  curd  is  cut  with  special  knives  used  with 
Cheddar  cheese.  The  cutting  in  this  case  Is  done  as  follows:  First  cut  the 
iird  in  horizontal  layers  with  the  horizontal  knife;  next  cut  lengthwise,  and 
I  hen  crosswise  with  a  i)eri)endicular  knife.  This  will  make  cubes  about  one- 
half  inch  on  a  side.  Where  small  quantities  of  cheese  are  made  any  kind  of  a 
knife  may  be  used  to  cut  the  curd.  The  smaller  the  amount  of  milk  used,  the 
coarser  the  curd  should  be  cut. 

As  soon  as  the  curd  is  cut  it  is  carefully  i)oured  into  a  tin  strainer  lined  with 

ne  thickness  of  cheesecloth.     Both  the  sides  and  bottom  of  the  strainer  should 

be  perforated.     It  should  be  about  10  inches  deei)  and  of  such  width  and  length 

IS  to  permit  filling  it  the  full  depth.     Allow  the  curd  to  drain  undisturbed  for 

bout  one  hour  and  then  put  a  cover,  preferably  a  metallic  one,  on  it  and  add 

ressure  at  the  rate  of  1  i>ound  for  every  gallon  of  milk  used.     During  the  next 

hour  gradually  increase  this  pressure  until  5  i)ounds  are  used  for  every  gallon 

of  milk.     Continue  this  amount  of  pressure  for  eight  hours  and  then  reduce  to 

-  |)ounds  for  every  gallon  of  milk  and  keep  at  this  pressure  12  hours  longer, 

when  the  curd  is  ready  to  sjilt. 

Salt  at  the  rate  of  about  1  ounce  of  salt  to  6  i)ounds  of  cheese.  The  salt  can 
l>e  evenly  distributed  during  the  mashing  process. 

With  a  heavy  masher,  similar  to  a  potato  masher,  thoroughly  mash  the  curd 
to  a  smooth  consistency,  leaving  no  unbroken  particles  or  lumps.  The  smoother 
the  curd  the  richer  It  will  appear  and  the  better  It  will  taste. 

A  variety  of  packages  may  be  used  in  which  to  ijack  the  cheese.     The  common 
method  of  packing  is  to  wrai)  the  cheese  first  In  parchment  paper  and  then  in 
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tinfoil.  This  method  of  packing  is  esi^ecially  suitable  where  cheese  is  made  on 
a  small  scale.  Such  a  package  is  open  to  the  objection,  however,  that  it  does 
not  sufficiently  exclude  the  air  to  prevent  molding. 

The  best  package  is  one  in  which  the  cheese  can  be  kept  as  nearly  air  tight  as 
possible.  We  have  found  a  tin-capped  tumbler  the  most  satisfactory.  The  only 
objection  to  the  tumbler  is  the  expense  when  purchased  in  small  quantities.  In 
large  quantities  8-ounce  tumblers  may  be  purchased  very  cheaply. 

The  tumblers  and  the  parchment  caps  which  are  put  under  the  tin  caps  should 
be  sterilized  in  boiling  water  before  using.  With  a  large  spoon  pack  the  tum- 
bler brimful,  place  a  parchment  paper  cap  on  top,  and  then  cover  with  the  tin 
cai).  The  parchment  cap  should  project  about  one-quarter  inch  over  the  edge 
of  the  tumbler.  Cheese  packed  in  this  way  will  keep  10  days  during  warm 
weather  without  refrigeration. 

In  making  Xeufchatel  cheese  as  herein  described  a  good  starter  is  indispen- 
sable. It  will  pay  well  to  give  the  starter  careful  attention.  Use  attractive 
labels  on  the  tumblers.  They  cost  little,  but  will  help  sell  the  cheese  at  a  better 
price.  While  the  cheese  can  be  kept  some  time  without  refrigeration,  it  is  best 
to  keep  it  in  as  cool  a  place  as  possible,  such  as  a  cellar. 

Prof.  Michels  thinks  that  Neufchatel  cheese  packed  in  8-ounce 
tumblers  should  readily  sell  at  10  cents  per  tumbler  net,  and  at  this 
price  will  yield  a  good  return  to  the  producer  and  furnish  the  con- 
sumer a  wholesome  and  digestible  food  at  a  very  reasonable  cost. 
One  hundred  pounds  of  milk  containing  4  per  cent  of  fat  will  yield 
thirty-four  8-ounce  tumblers  of  cheese.  When  such  milk  is  reenforced 
with  cream  as  suggested  above,  100  pounds  of  it  will  yield  38  tumblers 
of  cheese. 


[A  list  giving  the  titles  of  all  Farmers'  Bulletins  available  for  distribution 
will  be  sent  free  upon  application  to  any  Member  of  Congress  or  the  Secretary 
of  Agriculture.] 
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Bulletin  the  accompanying  manuscript,  entitled  "  Winter  Oats  for  the  South,"  prepared 
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INTRODUCTION. 

Some  of  the  problems  in  the  pnuluction  of  winter  oats  in  the 
southern  States  are  quite  different  from  those  which  must  be  solved 
by  the  grower  of  spring  oats  in  the  northern  and  central  portions 
of  the  United  States.  Not  only  are  the  varieties  different,  but  the 
proper  selection  of  soils  and  fertilizers  and  the  time  and  manner 
of  seeding  to  secure  the  best  results  in  tlie  production  of  the  crop 
nre  quite  at  variance  with  the  best  practices  in  the  sections  where 
pring  Oats  are  extensively  produced.  The  methods  of  growing 
spring  oats  and  the  uses  which  can  be  made  of  tlie  oat  crop  have  been 
discussed  in  previous  publications."  In  this  bulletin  it  is  proposed 
lo  outline  the  l;)est  methods  for  the  production  of  winter  oats  in  the 
^^outhern  States. 

PRODUCTION  OF  OATS  IN  THE  SOUTHERN  STATES. 

The  production  of  winter  oats  is  more  or  less  practicable  through- 
out the  sections  usually  known  as  the  South  Atlantic  and  v^outh  Cen- 
tral States,  which,  for  convenience,  will  be  referred  to  in  this  publi- 
ation  as  the  Southern  States,  although  they  include  some  to  which 
hat  term  is  not  usually  applied.     In  these  States  the  production  of 
■ats  averaged  a  little  more  than  74,000,000  bushels  for  the  ten  years 
1900-1909.     The  Bureau  of  Statistics  of  the  Department  of  Agri- 
culture does  not  report  the  acreage  of  winter  and  spring  oats  sepa- 
rately, so  it  is  impossible  to  estimate  the  proportion  of  the  two  crops. 
The  annual  production  in  the  United  States  for  this  period  averaged 

•»  Fanners'  Bulletins  424,  entitled  "Oats:  Crowing  the  Crop,"  and  420,  "Oats: 

nistribution  and  I'ses."     Farmers'  Rulletln  30.'j,  entitled  "  Sixty-Dny  and  Kher- 

'•n  Oats,"  discusses  two   vnrieties  of  spring  oats  adapted   to  the  corn  belt. 

Circular  3C».    Rurejui   of   Plant   Industry,   entitled    "  Improvement   of  the   Oat 

Crop,"  outlines  methods  for  improving  onts.  with  the  details  of  a  filan  for  test- 

ng  individual  selections.     All  these  imblications  will  be  sent  fre<  \\Hm 

•  quest  to  the  Secretary  of  Agriculture,  Washington,  D.  C. 
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870,000,000  bushels,  so  that  about  8.5  per  cent  of  the  crop  was  pro- 
duced in  the  South.  During  these  ten  years  the  average  area  devoted 
to  oats  in  the  United  States  was  nearly  30,000,000  acres,  of  which 
3,400,000  acres,  or  about  11.5  per  cent,  were  in  the  South.  The  average 
yield  to  the  acre  was  only  21.8  bushels,  as  compared  with  29.5  bushels 
for  the  entire  country,  which  shows  why  the  South  produced  only 
8.5  per  cent  of  the  crop  on  11.5  per  cent  of  the  area.  Owing  to  the 
high  price  per  bushel,  4G.4  cents,  as  compared  with  35.5  cents  for  the 
entire  United  States,  the  acre  value,  $10.09,  was  little  less  than  that 
for  the  entire  country,  $10.26. 

The  acreage,  production,  and  value  of  oats  in  each  of  the  Southern 
States  for  the  ten  years  1900-1909  are  shown  in  Table  I. 

Table  I. — Average  acreage,  production,  and  value  of  the  oat  crop  in  the  Southern 
States  for  the  ten  years  1900-1900,  inclusive. 


state. 

Acreage. 

Yield 
per  acre. 

Production. 

Price  per 

bushel  on 

Dec.  1. 

Total  farm 
value  on 
Dec.l. 

Value  per 
acre  on 
Dec.  1. 

Delaware 

Acres. 
5,554 

38, 778 
209,237 

94,735 
226,458 
209,212 
291,986 

31,196 
225,032 
116,685 
239,696 
188,094 
215, 173 

31,042 
480,303 
798,442 

Bushels. 
25.3 
25.1 
17.6 
22.1 
14.8 
17.1 
15.3 
13.5 
15.6 
16.7 
21.0 
19.4 
20.0 
16.9 
29.4 
27.8 

Bushels. 

134,244 

961,902 
3,598,184 
2,082,669 
3,325,908 
3,564,592 
4,500,511 

421,248 
3,509,503 
1,914,119 
5,053,044 
3,588,663 
4,278,428 

523,677 
13,872,095 
22,712,303 

Cents. 
42.8 
41.1 
44.8 
45.1 
53.6 
61.9 
60.3 
64.5 
57.6 
56.2 
41.6 
43.7 
47.0 
51.2 
37.7 
48.2 

$54,693 

381,427 
1,603,720 

926,602 
1,767,868 
2,226,572 
2,755,622 

273,872 
2,038,473 
1,081,705 
2,000,321 
1,557,242 
1,948,183 

268,463 
5,202,283 
10,242,235 

$10.96 

Mar}' land 

10.32 

Virginia 

7.93 

West  Virginia      

9.91 

North  Carolina 

8.00 

10.75 

Georgia 

9.33 

Florida 

8.82 

Alabama 

9.05 

9.38 

Kentucky     .             

8.60 

Tennessee 

8.54 

Arkansas 

9.34 

Louisiana 

8,65 

Oklahoma  o.        

10.58 

Texas 

12.71 

Average  for  total  area 

3,401,623 

21.8 

74,041,090 

46.4 

34,329,281 

10.09 

a  The  figures  for  Oklahoma  are  for  nine  years,  1901-1909,  inclusive,  and  include  Indian  Territory  previous 
to  its  admission  as  a  State. 

Table  I  shows  that  Texas  and  Oklahoma  were  the  leading  States  in 
acreage,  production,  total  value,  and  in  yield  to  the  acre.  These  two 
States  produced  nearly  as  many  bushels  of  oats  as  all  the  other  South- 
ern States  together.  Kentucky,  Georgia,  and  Arkansas  each  pro- 
duced more  than  4,000,000  bushels  annually,  while  most  of  the  other 
States  ranged  from  2,000,000  to  3,500,000  bushels  each.  Virginia, 
^^orth  Carolina,  South  Carolina,  Alabama,  Kentucky,  Tennessee,  and 
Arkansas  each  devoted  about  200,000  acres  annually  to  this  crop, 
while  Georgia  grew  oats  on  nearly  300,000  acres.  The  average  yield 
to  the  acre  in  most  of  the  States  was  below  20  bushels ;  in  North  Caro- 
lina and  Florida  it  was  less  than  15  bushels.  The  price  per  bushel 
was  high  in  most  of  the  States,  ranging  from  38  to  45  cents  in  the 
northern  portion  of  the  area  and  from  50  to  G5  cents  in  the  southern 
part.     In  some  of  the  States  where  the  yield  fell  below  20  bushels  the 
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acre  value  was  as  hijjh  as  in  some  of  tlie  Northern  States  where  the 
avora^'  yield  was  ;50  hushels  to  the  acixj. 

The  acreage  and  acre  vahie  of  oats,  corn,  and  wheat  in  each  of  the 
Southern  States  for  the  ten  yeai*s  1900-1909,  inclusive,  are  show 
Tal>lc  II. 

Sniiihrrn  StatcM  fur  thr  ten  yvaiH  tmO-WOU. 


State. 

Arroaijo. 

Value  per  acre. 

Oi 

0-.. 

Com. 

Wh«t. 

Doiaxviirt'. 

•<r- 

:  :  1  ,  ,  ■  .: 

$10.96 

114.64 

11.1 59 

Mar\l.ini! . 

.-    ,  ,  ~. 

1   ..,."' 

,■-1 .  ^  ■  1 

10.  .T2 

17.34 

13.  67 

\  ......     . 

j(W,  z:., 

i,.s(.7,::7-: 

,.Vl,  \",2 

7.93 

ia5i 

9.«i2 

iM,7a5 

765,775 

378, 196 

9.91 

17. :« 

10.34 

226,458 

2,089,974 

605,243 

8.00 

10.23 

8.  X\ 

209,212 

1,910,032 

296,181 

10.75 

8.99 

9.37 

(ieort'ia.  .  .                                                  

291,98(i 

4,077,388 

320,093 

9.33 

8.48 

9.28 

Florida    . .                                                     

.-{1,1% 
225,032 

611,901 
2,874,325 

8.82 
9.05 

7.59 
9.29 

\i  .1. .,,.  , 

10:i,S88 

9.87 

\'                                                                   

ll(i,(>85 

2,100,916 

2,598 

9.38 

iai5 

9.42 

1-.                                                                   

zvi,m\ 

3,213,352 

8(M,941 

8.60 

13.53 

9.M 

l.-u,; 

188,004 

3,194,754 

927.750 

8.54 

12.49 

8.?2 

ArkaiisiLv                                                   

215,173 

2,40*1,448 

220,315 

9.34 

10.59 

8.15 

l^ouisiiviia.                                                 

31,  W2 

1,532,515 

8.65 

10. 10 

Oklahoma 

480,303 

3,980,448 

1,441,832 

10.58 

9.05 

9.16 

Texas                    . .  . 

798,442 

6,400,478 

989,875 

12.71 

ia73 

9  '^t 

Average  for  total  area 

3,401,0-23 

38,456,792 

7,738,005 

10.00 

11.02 

9.70 

Table  II  shows  that  the  average  acreage  of  corn  in  the  Southern 
States  for  the  ten  years  1900-1909,  inclusive,  ;58.4r>(),792  acres,  was  about 
eleven  times  that  of  oats,  while  the  average  acreage  of  wheat,  7,7.*iS,- 
695  acres,  w^as  more  than  double  that  of  oats.  The  corn  acreage  in 
each  of  the  States  was  usually  from  ten  to  twelve  times  that  of  oats. 
In  four  of  the  State.s,  Alabama,  Missi.ssippi,  Florida,  and  Iy)uisiana, 
the  oats  acreage  exceeded  the  wheat  acreage,  while  in  Georgia  and 
Arkansas  it  was  but  little  smaller.  In  Texas,  Oklahoma.  Delaware. 
Maryland,  and  South  Carolina  the  acre  value  was  more  than  $10. 
In  South  Carolina,  Georgia,  Oklahoma,  and  Texas  the  acre  value 
was  greater  than  that  of  either  wheat  or  corn:  it  was  gi-eater  than 
that  of  corn  in  Florida  and  greater  than  that  of  wheat  in  Arkansas. 
No  figures  were  reported  for  wheat  in  Florida  and  Louisiana. 


VALUE  OF  A  WINTER  GRAIN  CROP  IN  THE  SOUTH. 

Farm  conditions  in  the  South  can  be  improved  by  the  u.se  of  a 
greater  variety  of  crops  and  of  definite  systems  of  crop  rotation  and 
by  the  keeping  of  a  greater  number  of  live  stock.  A  rational  crop 
rotation  in  the  South  is  one  which  occupies  the  land  practically  the 
entire  year,  protecting  the  soil  from  wa.shing  during  the  winter  by 
the  use  of  a  growing  crop,  such  as  crimson  clover,  vetch,  or  winter 
4:{G 
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grain.  Increasing  the  number  of  live  stock  requires  the  production 
of  more  grain  for  feeding.  Winter  grains  combine  the  two  essential 
features,  grain  production  and  soil  cover,  in  one  crop.  Within  rea- 
sonable limits  they  supply  a  third  desirable  feature,  winter  pasture. 
On  the  other  hand,  spring-grain  production  in  the  greater  portion 
of  the  Southern  States  is  far  from  certain.  Winter  varieties  of 
wheat  and  barley  have  almost  entirely  replaced  the  spring  types  of 
these  grains,  so  that  the  only  spring- grain  crop  now  generally  sown 
in  the  South  is  oats. 

FALL-SOWN  COMPARED  WITH  SPRING-SOWN  OATS. 

The  advantages  of  fall  seeding  of  oats  over  spring  seeding  wherever 
the  winter  varieties  can  be  grown  are  numerous.  The  yields  are 
usually  better,  the  fall-sown  oats  mature  earlier,  the  land  can  usually 
be  prepared  in  better  shape  in  the  fall  than  in  the  spring,  faJI  seed- 
ing interferes  less  with  other  work  than  does  spring  seeding,  poorer 
land  and  less  fertilizer  can  be  uaed  for  the  fall-sown  crop,  and  the 
fall-sown  crop  furnishes  a  cover  for  the  soil  during  the  winter  and 
prevents  washing. 

Winter  oats  almost  invariably  yield  more  than  spring  oats,  owing 
to  their  earlier  maturity,  stronger  growth,  and  greater  freedom  from 
disease.  If  a  part  of  the  stand  is  lost  from  winterkilling,  the  plants 
which  are  left  stool  vigorously,  so  that  the  stand  at  harvest  is  much 
better  than  was  apparent  in  early  spring.  Fall-sown  oats  usually 
grow  more  vigorously  and  mature  from  ten  days  to  two  weeks  earlier 
than  those  sown  in  the  spring.  This  earlier  maturity  often  marks  the 
difference  between  success  and  failure,  as  the  later  maturing  grain  is 
more  likely  to  be  injured  by  storms  or  drought  and  by  rust  and 
other  plant  diseases.  Oats  require  comparatively  cool  weather  for 
their  best  growth,  so  that  those  which  mature  earliest  usually  yield 
best,  as  the  conditions  are  better  suited  to  their  development.  The 
early  maturity  incident  to  fall  seeding  also  allows  the  crop  to  be 
removed  from  the  land  earlier  than  spring  seeding,  giving  more  time 
for  the  preparation  of  the  soil,  seeding,  and  the  growth  of  the  follow- 
ing crop. 

In  a  seven-year  test  at  the  Alabama  Agricultural  Experiment  Sta- 
tion, in  which  November  and  February  seedings  were  compared,  the 
fall-sown  oats  yielded  26.8  bushels  to  the  acre,  while  the  spring-sown 
yielded  only  15.5  bushels.  The  gain  in  favor  of  November  seeding 
was  11.3  bushels,  or  73  per  cent  of  the  spring-sown  crop.  The  spring- 
sown  oats  outyielded  the  fall-sown  in  only  one  year  of  the  seven,  when 
25  per  cent  of  the  fall-sown  crop  winterkilled.  At  the  Arkansas 
station  three  varieties  of  fall-sown  oats  yielded  75  per  cent  more  than 
the   average  of   twenty   spring-sown   varieties.     The   best-yielding 
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varieties  of  fall-sown  oats  yieldiMl  more  than  40  bushels  to  the  acre,  as 
coinpai'ed  with  more  tiian  .HO  iHishels  for  the  U'st  of  the  spring-sown 
kinds.  At  the  Vir«xinia  station,  in  a  two-ymr  test,  fall-sown  Ciilhcr- 
M)n  oats  yielded  27.8  busliels  in  the  acre,  while  the  best  of  the  spring 
\arieties — the  Silvennini' — yielded  27.2  bushels.     Better  yields  have 
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also  been  secured  at  the  Georgia  station  and  at  the  Edgecombe  (North 
Carolina)  branch  station  from  fall  than  from  spring  seeding. 

In  order  to  obtain  a  satisfactory  crop  of  spring  oats  it  is  necessary 
in  the  extreme  South  to  sow  the  grain  in  January  or  early  in  Feb- 
ruary, and  in  Februarys  or  early  March  farther  north.  At  this  time 
the  ground  is  usually  wet  and  cold  and  is  not  in  condition  to  make  a 
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good  seed  bed.  Clay  soils  may  be  materially  injured  by  working 
them  when  wet,  and  only  very  sandy  ones  can  be  handled  satis- 
factorily in  this  condition.  On  the  other  hand,  at  the  time  when  the 
grain  should  be  sown  in  the  fall  the  ground  is  ordinarily  in  good  con- 
dition to  work,  and  a  good,  mellow  seed  bed  can  be  prepared.  This 
better  preparation  starts  the  young  plants  into  vigorous  growth  and 
they  go  into  winter  in  good  shape.  Seed  soAvn  in  the  winter  or  early 
sjDring  on  jDOorly  prepared  land  is  handicapped  by  this  jjoor  prepara- 
tion, grows  slowly,  and  is  never  as  vigorous 
seed  bed. 


\s  that  sown  in  -a  good 


Fig.  2. 


-Grains   of   three   varieties   of  winter   oats.      A, 
C,  Red  Rustproof. 


Winter   Turf  ;    R,    C'ull)erson  ; 


AAHien  weather  and  soil  conditions  are  right  for  preparing  land 
in  the  spring,  teams  and  men  are  needed  to  get  the  land  ready  for 
the  more  important  crops,  corn  and  cotton ;  consequently  the  prepa- 
ration of  the  land  for  sowing  oats  is  hurried  or  neglected.  Fall 
seeding  comes  at  a  time  when  tjie  teams  are  not  needed  for  other 
work,  and  there  is  more  time  to  do  the  Avork  properly.  It  allows  a 
better  division  of  the  farm  work,  so  that  more  time  can  be  given  to 
preparing  the  land  in  the  spring  for  other  crops.  If  the  fall-sown 
crop  of  oats  fails,  little  additional  work  is  necessary  to  put  the  land 
in  shape  for  reseeding  in  the  spring. 

As  the  plants  have  a  longer  time  to  draw  the  plant  food  from  the 
soil,  and   as  they   naturally  grow   more   vigorously,   fall-sown   oats 
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can  be  gixjwn  on  poorer  ground  niid  with  less  fertilizer  than  those 
sown  in  the  spring.  Ciocxl  soil  and  proper  fertilization  have  nnich 
to  do  with  the  sucress  of  the  oat  crop  in  the  South,  however,  rrpinl- 
less  of  the  time  of  seeding. 

One  of  the  irreatest  losst»s  on  southern  farms  is  from  the  washing 
of  the  soil  during  the  winter.  This  can  best  he  prevented  hy  grow- 
ing a  crop  on  the  land.  Winter  oats  make  a  clo.se,  dense  cover,  which 
is  very  effective  in  holding  the  surface  soil  to  previ»nt  washing. 

The  foregoing  are  some  of  the  reasons  why  it  is  desirable  to  .sow 
oats  in  the  fall  in  the  South  wherever  thei'^  is  a  re^isonable  chance 
that   they   will    withstand   the   winter.      I(    i<   believed    that    proper 


Fig.  ;•.— IMats  of  winter  onts  in  November  at  tlie  Maryland  .\>rrienitural  Kxperiment 
Station,  Collejre  Parli.  Md.  Note  tlie  l>road  loaves  and  erect  habit  of  the  Hed  Uust- 
proof  variety  (on  the  ri>;ht)  In  <■'♦■•■>-•  with  the  n:irn.\v  i.-.v..^  m.wI  w,,r..M,|it..'  i,  .i.it 
of  the  Winter  Turf  (on  the  left 

metluKls  of  .soil  preparation  and  of  seeding,  and  the  u>e  of  plump, 
heavy  .seed  of  hardy,  productive  varieties,  will  largely  increase  the 
production  of  this  grain.  The  methods  descrilx'd  in  this  bulletin 
are  in  use  by  the  agricultural  experiment  stations  and  by  good 
fannei*s. 

VARIETIES  OF  WINTER  OATS. 

The  varieties  of  winter  oats  commonly  grown  in  the  South  are 

of  one  or  the  other  of  two  types,  the  Red  Rustproof  and  the  Winter 

Turf.    The  Red  Rustproof  type  includes  the  common  Red  Rustproof 

under  several  similar  names  and  .several  selections  and  strains  of  that 

77765°— Kill.  4.3G— 11 2 


10 


WINTER   OATS   FOR  THE   SOUTH. 


variety  under  entirely  different  names.  Only  one  variety  of  the 
Winter  Turf  type  is  commonly  grown,  though  many  names  are 
applied  to  it. 

Red  Rustproof  is  the  typical  variety  of  the  group  to  which  that 
name  is  here  applied.  Among  the  other  names  used  for  the  same 
variety  are  Red,  Texas  Red,  Red  Texas,  and  Texas  Red  Rustproof. 
The  leaves  of  the  young  plant  in  the  fall  are  medium  green  in  color 
and  rather  broad.  .The  plant,  while  spreading,  is  less  so  than  most 
other  winter  grains.  The  straw  of  this  variety  is  of  medium  height, 
straight  and  stiff.  The  heads  are  not  large,  but  numerous.  The 
grains  are  large  and  plump,  yellowish  or  reddish  brown  in  color,  and 
usually  all  awned.    The  Red  Rustproof  is  early  in  maturing  and  is 


Fig.  4. — The  same  plats  shown  in  Fig.  3,  photographed  the  following  spring,  showing 
the  winterkilling  of  the  Red  Rustproof  in  contrast  with  the  survival  of  the  Winter 
Turf  variety. 

quite  free  from  rust.  As  commonly  grown  in  the  South,  this  variety 
contains  a  small  percentage  of  black  kernels  which  produce  plants 
maturing  earlier  than  the  type.  When  grown  by  itself  this  black 
strain  yields  much  less  than  the  pure  Red  Rustproof.  Seed  of  the 
Red  Rustproof  also  usually  contains  some  medium-sized  white  ker- 
nels, producing  strong  plants  and  large  heads  which  mature  at  about 
the  same  time  as  those  from  the  red  grains.  The  Culberson  variety, 
as  it  is  commonly  gi'own,  appears  to  be  a  selection  of  this  white  type, 
though  occasionally  oats  sold  under  this  name  can  not  be  distinguished 
from  the  common  Red  Rustproof.  The  Culberson  oat  yields  as  much 
grain  as  the  Red  Rustproof,  produces  more  straw,  and  is  a  better 
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variety  to  grow  for  hay  or  soiling.  The  Appier  is  a  strain  nf  IumI 
Hustproof  selected  by  ^fr.  J.  E.  Appier,  of  (Jeorgia.  a  iiumher  of 
years  ago.  All  tin*  vMrli'tus  of  tlii>  \\\)v  \ua\  \)v  xyww  cillit'i'  In  llir 
fall  or  spring. 

The  Winter  Turf  oat,  winch  i>  also  calknl  \  irginia  Ciray,  \  irginia 
Winter,  (irazing,  and  several  similar  names,  is  better  adapted  to 
pasture  and  hay  than  to  grain  pnKluction.  The  leaves  arc  narrow, 
dark  green  in  eolor,  and  numerous;  the  plant  is  more  spreading  in 
the  fall  than  that  of  the  Ked  Kusti)roof  variety.  The.  straw  is  tall 
and  slender  and  the  heads  large  and  loose.  Tne-graiii  js  of  medium 
size,  usually  light  gray  in  color,  bearded  or  beardless:  Oie  beards, 
when  they  do  occur,  break  oil"  readily  in  thrashing.  This  variety  is 
not  resistant  to  rust  or  lodging.     The  numerous  names  apnUul  to  it 


Fig.  5. — Plats  of  the  Wintor  Turf  (on  tlio  rl^'lit »  and  the  CuIImtsod  (on  th<«  Irft) 
varieties  of  oats  at  the  Maryland  Ajrrlcultural  Experiment  Station.  College  Park, 
Md..  on  March  20,  showing  the  dlfferenre  in  winter  survival. 

nviy  sometimes  denote  distinct  strains,  which,  however,  differ  but 
little  from  the  type.  The  Dun  and  the  Oregon  Gray  Winter  varie- 
ties are  very  similar  to  the  AVinter  Turf.  Heads  of  the  Ked  Rust- 
proof, Culberson,  and  Winter  Turf  varieties  are  shown  in  figure  1, 
while  grains  of  these  varieties  are  shown  in  figure  2. 

Among  the  other  varieties  which  are  occasionally  sown  in  the  fall 
is  the  Burt,  .sometimes  called  the  Xinety-Day  or  May.  This  variety  is 
quite  similar  to  Red  Ru.*^tproof.  but  is  less  hardy.  Tt  is  ordinarily 
sown  in  the  spring,  as  it  usually  does  well  from  spring  seeding.  In 
Utah  a  black  oat,  known  locally  as  Boswell  Winter,  is  grown  to  some 
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extent  on  the  dry  farms.  Black  Winter  oats  are  also  grown  in 
Oregon  and  Washington.  The  oats  commonly  grown  in  California 
are  Red  Rustproof. 

The  varieties  of  the  Red  Rustproof  type  are  best  adapted  to  the 
production  of  grain  in  all  except  the  coldest  portions  of  the  winter- 
oat  belt,  where  Winter  Turf  is  to  be  preferred  on  account  of  its 
greater  hardiness.  In  the  sections  where  Red  Rustproof  is  suffi- 
ciently hardy,  the  Winter  Turf  is  rather  too  late  in  maturing  and  is 
often  injured;  by  hot  y.'eather,  producing  low  yields  of  poor  quality. 
For -pasture  aoad  hay  production  Winter  Turf  is  better  than  either 
Red  Rustproof  or <  Culberson.  Figure  3  shows  the  differences  in  the 
fall  gro^y.tK  of  the  Winter  Turf  and  the  Red  Rustproof,  while  figure 


Pig.  6. — Plats  of  Winter  Turf  and  Culberson  oats  shown  in  Pig.  5,  at  harvest  time. 
Note  the  manner  in  which  the  Culberson  variety  (on  the  left)  has  stooled,  forming 
a  good  stand  ;  also  its  erect  habit  in  contrast  with  the  tendency  to  lodge  shown  by 
the  Winter  Turf  oats. 

4  shows  the  relative  hardiness  of  these  two  varieties  following  a 
severe  winter.  Figures  5  and  G  show  comparative  stands  of  Culber- 
son and  Winter  Turf  in  early  spring  and  at  harvest  time. 

SECTIONS  WHERE  WINTER  OATS  CAN  BE  GROWN. 

No  definite  limits  can  be  drawn  marking  the  sections  where  winter 
oats  can  or  can  not  be  grown.  The  variety,  the  method  of  prepara- 
tion, the  time  and  manner  of  seeding,  the  kind  of  land  on  which  the 
crop  is  grown,  and  the  climatic  conditions  of  the  particular  section 
must  all  be  taken  into  account.    Varieties  of  the  Winter  Turf  type  can 

436 


wiNiri:  (»\rs  i'«>i; 


l.H 


be  p'own  in  coKler  soclions  than  thosi'  of  iUv  livd  RustpnM»f  l,v|)r. 
Oats  sown  early  in  drills  or  furrows  on  well-pivpared  land  often 
survive  the  winter  in  the  same  locality  where  those  sown  under  le,sa 
favorable  conditions  winterkill.  Winter  oats  may  Ik*  successfully 
g:rown  in  a  paiiicular  section  for  sineral  years;  a  s(»ason  may  then 
come  when  the  crop  will  be  entirely  destroyed  by  cold  or  other 
unfavorable  condit ions. 

The  accompanying  map  (fig.  7)  shows  approximately  the  sections 
in  which  winter  oats  can  be  grown  with  a  reasonable  degree  of  suc- 
cess. The  crop  is  recommende<l  for  South  Carolina,  Georgia,  Ala- 
bama,   Florida,    Mississippi,    and    Ivouisiana;   Virginia    and    North 
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Fio.  7. — Map  of  the  southoastcrn  portion  of  tho  Unltpd  Statos.  showlnj;  area  to 
which  winter  oats  are  adapttnl.  The  heavilj*  shaded  portion  sliows  tlie  wction  whore 
they  are  a  comparatively  sure  crop;  the  section  where  they  are  worthy  of  trial  is 
shown  by  lighter  shading- 

Carolina,  except  the  highest  mountain  sections;  the  lower  portions  of 
Maryland,  Tennessee,  and  Arkansas;  and  for  eastern,  central,  and 
southern  Texas.  It  is  worth}'  of  trial  in  southern  Delaware,  in 
favorable  locations  in  West  Virginia  and  Kentucky,  in  northern 
Arkansas,  and  in  Oklahoma  and  the  portions  of  Texas  not  previously 
mentioned.  Winter  oats  are  also  grown  to  a  limited  extent  in  Utah, 
Oregon,  and  Washington.  In  California  and  in  some  portions  of 
Arizona  and  New  Mexico  oats  are  sown  in  the  late  fall  or  early 
winter.  Winter  oats  have  also  been  grown  with  success  experimen- 
tally in  Connecticut,  Ohio,  and  s^)uthern  Michigan,  but  can  not  3'et  Ik* 
recommended  for  these  or  similar  localities.     It  is  pr(>l)able  that  the 
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winter-oat  area  will  gradually  extend  northward,  but  the  spring-sown 
crop  is  not  likely  to  be  displaced  in  the  corn  belt.  The  discussion  of 
the  crop  in  this  bulletin  is  confined  to  the  Southern  States. 

SOILS    AND    FERTILIZERS    FOR    OATS. 

SOILS   ADAPTED   TO   OAT   PRODUCTION. 

As  quick  growth  and  early  maturity  are  essential  to  the  success  of 
the  oat  crop  in  the  South,  the  soils  and  fertilizers  which  will  produce 
these  results  should  be  selected. 

The  soil  for  oats  should  be  reasonably  fertile  and  should  hold  mois- 
ture well,  as  this  crop  requires  a  large  amount  of  water  and  may  be 
severely  injured  by  drought.  Any  soil  which  will  grow  a  good  crop 
of  cotton  or  corn  Avill  j^roduce  oats,  though  the  best  results  will  be 
secured  on  the  heavier  loams.  Heaving,  or  the  "  spewing  out  "  of  the 
plants,  is  most  likely  to  occur  on  clay  soils,  particularly  on  those 
deficient  in  humus.  A  well-fertilized  sandy  or  sandy-loam  soil  will 
generally  prove  more  satisfactory,  particularly  if  it  is  well  filled  with 
humus,  so  that  its  moisture-holding  capacity  is  high.  Good  drainage 
is  essential,  however,  as  winterkilling  is  most  likely  to  occur  on 
poorly  drained  land.  Rust  and  other  diseases  are  also  most  severe 
on  low,  poorly  drained  areas.  As  the  varieties  of  oats  commonly 
grown  in  the  South,  with  the  exception  of  the  Winter  Turf,  have 
short,  stiff  straw,  they  are  less  likely  to  lodge  on  rich  soil  than  those 
grown  in  the  North. 

MANURES   AND   COMMERCIAL   FERTILIZERS." 

A  good  crop  of  oats  removes  nearly  as  much  nitrogen,  phosphoric 
acid,  and  jDotash  from  the  soil  as  a  good  crop  of  corn.  Nitrogen 
(ammonia)  can  be  supplied  in  nitrate  of  soda,  dried  blood,  cotton- 
seed meal,  or  other  commercial  forms,  or  by  growing  a  leguminous 
crop,  such  as  cowpeas,  soy  beans,  or  clover.  Potash  is  usually  applied 
in  the  form  of  the  muriate,  and  phosphoric  acid  in  acid  phosphate. 
The  quantity  of  all  the  fertilizing  materials  needed,  of  course,  de- 
pends largely  on  the  nature  and  the  fertility  of  the  soil.  Barn- 
yard manure  is  not  usually  available  in  sufficient  quantity  to  be 
much  of  a  factor  in  keeping  up  the  fertility  of  the  soil. 

Green  Manures. 

The  best  and  cheapest  method  of  adding  nitrogen  is  by  growing 
a  green-manure  crop,  which  gathers  nitrogen  from  the  air  and  stores 

«  An  extended  discussion  of  fertilizers,  with  tables  showing  the  best  quantities 
of  the  various  materials  to  apply  for  oats  and  for  other  crops  on  the  different 
soils  of  the  South,  is  contained  in  Fanners'  Bulletin  398,  entitled  "  Farm 
Practice  in  the  Use  of  Commercial  Fertilizers  in  the  South  Atlantic  States." 
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il  in  ilio  j?oil.  (iivcii  iiiannrt's  :iis<»  Mi|>i>iy  mmnis  nr  \r;j;('i:ii»ir  maiUT, 
which  is  usually  hu'kin<r  in  southern  soils.  The  crop  most  com- 
monly used  for  this  purpose  in  the  South  is  cowpeas,  though  crimson 
clover,  vetch,  velvet  l)oans.  bur  clover,  peanuts,  and  red  clover  are 
among  the  othei^s  which  are  available.  Cowpeas  and  soy  beans  are 
among  the  best  available  crops  to  immediately  preceile  oats.  Velvet 
l)e4ins  are  also  excellent,  but  can  not  be  grown  profitably  except  in 
the  Atlantic  and  Gulf  coastal  plain  regions  from  South  Carolina 
southward.  These  crops  may  be  cut  for  hay,  turning  under  only 
the  stubble  and  roots,  or  the  entire  crop  may  l)o  used  as  green  manure. 
The  fertilizing  ctl'ect  on  the  following  crop  is  about  the  same  whether 
the  stubble  or  the  entire  plant  is  turned  under,  but  the  vines  add 
considerable  humus  and  improve  the  physical  condition  of  the  soil. 
If  the  vines  are  turned  under,  the  land  should  Ih'  plowed  three  or 
four  weeks  before  the  oats  are  to  be  sown,  as  the  ground  should  have 
time  to  settle  before  seeding.  If  the  oats  must  be  sown  at  once 
after  the  land  is  prepared,  it  is  better  tx)  harvest  the  vines  and  di.sk 
the  land  thoroughly  instead  of  plowing  it. 

Barnyard  Manure. 

Barnyard  manure  is  an  excellent  fertilizer  for  almost  all  crops,  as 
it  contains  all  the  elements  of  plant  food  and  a  considerable  quantity 
of  humus  as  well.  One  of  the  best  methods  of  using  baniyard 
manure  on  oats  in  the  South,  where  it  is  seldom  available  in  large 
quantities,  is  as  a  top-dressing  applied  in  the  late  fall  or  early  winter. 
When  so  applied  it  serves  as  a  protection  to  the  crop  during  the 
winter  and  at  the  same  time  adds  fei-tility  to  the  soil.  It  is  probable 
that  the  largest  increase  to  the  ton  of  manure  will  result  from  the 
application  of  about  r>  tons  to  the  acre. 

Commercial  Fertilizers. 

If  nitrogen  has  been  supplied  in  liberal  quantities  through  the 
growth  of  legimies  as  green  manures,  it  need  not  be  added  in  commer- 
cial fertilizers.  If,  however,  a  green-manure  crop  does  not  immedi- 
ately precede  the  oats,  or  if  the  preceding  crop  was  light,  some 
readily  available  fertilizer  cari-ying  nitrogen  (ammonia)  should  be 
used.  The  best  results  on  most  classes  of  soil  are  to  be  obtained  by 
adding  this  nitrogen  as  a  top-dressing  in  the  spring,  alK)ut  two  months 
before  harvest.  The  nitrate  should  be  sown  broadcast  and  worked 
into  the  soil  with  a  harrow\  Cottonseed  meal  or  dried  blood  may  be 
used  to  supplement  the  nitrate  of  soda.  On  sandy  soils  the  applica- 
tion of  about  25  pounds  of  nitrogen  (50  pounds  of  nitrate  of  soda  and 
200  pounds  of  cottonseed  meal  or  100  pounds  of  dried  blood)  to  the 
acre  is  i-ecom mended. 
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On  clay  soils  this  may  be  reduced  to  18  or  20  pounds  of  nitrogen 
(30  pounds  of  nitrate  of  soda  and  about  150  pounds  of  cottonseed 
meal).  If  the  oats  are  grown  for  hay,  more  nitrogen  should  be  used 
than  when  they  are  grown  for  grain.  A  much  larger  increase  in  yield 
of  grain  per  hundred  pounds  of  nitrate  of  soda  applied  Avas  obtained 
at  the  Alabama  station  from  the  use  of  100  pounds  or  less  to  the  acre 
than  from  200  pounds,  though  200  pounds  gave  a  greater  total  yield 
than  100  pounds.  A  bulletin  of  this  station  states  that  a  profit  of 
from  $4  to  $6  can  be  expected  from  the  application  of  60  to  100 
pounds  of  nitrate  of  soda  to  fall-sown  oats.  Cottonseed  meal  is 
recommended  as  being  a  better  fertilizer  for  oats  than  cotton  seed. 

If  the  soil  has  been  liberally  fertilized  for  other  crops,  phosphoric 
acid  and  potash  need  not  be  added  for  oats.  T^sually,  however,  in- 
creased yields  result  from  light  applications  of  acid  phosphate  and 
muriate  of  potash  at  the  time  of  seeding.  The  proper  quantity  of 
acid  phosphate  to  apply  varies  from  100  to  125  pounds  to  the  acre  on 
fertile  clay  soils  to  200  to  250  pounds  on  the  poorer  sandy  soils. 
The  rate  for  muriate  of  potash  varies  from  30  pounds  on  the  better 
clay  soils  to  60  pounds  on  poor  sandy  ones.  Nitrogen,  however,  is 
usually  the  limiting  element  in  the  production  of  oats  on  southern 
soils. 

The  Georgia  station  recommends  the  application  of  200  pounds 
of  acid  phosphate,  50  pounds  of  muriate  of  potash,  25  pounds  of 
nitrate  of  soda,  and  200  pounds  of  cottonseed  meal  when  the  grain 
is  sown,  and  of  75  pounds  of  nitrate  of  soda  in  the  spring.  ^Vliere 
cowpeas  or  similar  crops  have  been  grown  the  nitrate  of  soda  and 
cottonseed  meal  to  be  applied  in  the  fall  may  be  omitted,  making  the 
application  200  pounds  of  acid  phosphate  and  50  pounds  of  muriate 
of  potash  in  the  fall  and  75  pounds  of  nitrate  of  soda  in  the  spring. 
This  quantity  may  be  somewhat  increased  for  poor  sandy  land  and 
decreased  for  fertile  loam  and  clay  soils.  On  the  heavy  "  black 
waxy  "  soil  of  Texas  it  is  probable  that  both  the  phosphate  and 
potash  may  be  omitted,  and  only  the  nitrate  of  soda  added  in  the 
spring.  On  this  soil  the  use  of  barnyard  and  green  manures  to 
supply  humus  is  particularly  to  be  recommended. 

LIMING  THE   SOIL. 

Liming  is  not  usually  beneficial  to  oats,  but  may  be  of  value  in 
correcting  the  acidity  of  sour  soils,  particularly  where  heavy  green- 
manure  crops  have  been  plowed  under.  Lime  is  most  beneficial  to 
the  growth  of  clover,  alfalfa,  and  other  legumes,  so  that  the  best 
results  are  usuallv  obtained  when  it  is  added  before  erowinir  one  of 
these  crops.     The  application  of  from  25  to  40  bushels  of  lime  or 
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iVom  i  lo  •_'  tons  oi  iuhmv  ;i:r<Miii(i  imioioiu'  lo  liio  iicrc  is  usually 
suflicient  to  correct  the  acidity  of  the  soil  for  five  years  or  more. 
Where  heavy  gi*een -manure  crops  are  plowed  under  every  year,  more 
frequent  applications  of  lime  may  be  necessary. 

WINTER  OATS  IN  THE  ROTATION. 

Oats  should  follow  a  cultivated  crop  wherever  possible.  The  most 
common  cultivated  crops  in  the  South  are  cotton  and  corn,  and,  as 
corn  is  removed  from  the  land  earlier  than  cotton,  oats  usually 
follow  the  former.  One  of  the  best  rotations  which  can  be  devised 
for  the  cotton-^rowin<T  section  is  as  follows:  First  year,  cotton;  sec- 
ond year,  corn,  with  cowpeas  planted  at  the  last  cultivation;  third 
year,  winter  oats^  followed  by  cowpeas. 

This  rotation  is  stronofly  recommended  by  the  (icor^ia  siaiion. 
The  corn  is  cut  for  fodder,  instead  of  being  stripped  and  topped,  as 
is  commonly  done  in  some  sections;  the  com  stubble  and  cowpea 
vines  are  then  turned  under  in  time  to  sow  oats  in  the  fall.  As  the 
growth  of  pea  vines  is  not  heavy,  the  plowing  can  be  done  a  short 
time  before  seeding.  After  the  oat  crop  is  removed  the  third  year, 
the  land  is  plowed  and  planted  to  cowpeas,  which  are  cut  for  hay. 
If  desired,  crimson  clover  may  be  sown  in  the  cotton  the  first  year 
and  plowed  under  in  the  spring  l^efore  corn-planting  time.  Rye  may 
also  be  sown  the  third  year  after  the  cowpeas  and  plowed  under  for 
cotton,  thus  providing  a  cover  for  the  soil  each  winter.  This  rota- 
tion gives  two  grain  crops,  corn  and  oats;  a  money  crop,  cotton;  a 
ha\'  crop,  cowpeas;  and  three  green-manure  crops,  crimson  clover, 
cowpeas  planted  in  the  corn,  and  rye,  in  three  years.  Two  crops  of 
cotton  may  be  grown  in  this  rotation,  if  desired,  making  a  four-year 
rotation. 

Outside  the  cotton-growing  section  a  good  rotation,  including  oats, 
is  as  follows:  First  year,  corn,  with  cowpeas  in  the  corn;  second 
year,  oats,  with  clover  or  grass  seeded  in  the  oats ;  third  year,  meadow 
or  pasture. 

If  it  is  desired  to  grow  wheat,  oats  may  be  sown  after  the  corn 
and  cowpeas  planted  after  the  oats  are  harvested.  Wieat  may 
then  be  planted  after  the  cowpeas  and  grass  seeded  with  it.  Pota- 
toes or  other  cultivated  crops  may  be  substituted  for  corn  if  desired. 
^^^lere  clover  does  not  succeed,  or  where  a  permanent  meadow  is  not 
wanted,  the  following  rotation  is  a  good  one:  First  year,  corn,  with 
cowpeas  in  the  corn ;  second  year,  wheat,  followed  by  cowpeas,  which 
are  cut  for  hay:  third  year,  oats,  followed  by  cowpeas,  sorghum,  or 
some  other  forage  crop. 
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If  desired,  rye  may  be  sown  after  the  forage  crop  is  harvested,  or 
the  forage  crop  may  be  omitted  and  crimson  clover  sown  early  in 
the  fall.  The  rye  or  crimson  clover  is  then  plowed  under  the  follow- 
ing spring  for  corn.  Other  rotations  along  similar  lines  can  be 
arranged,  according  to  the  crops  it  is  desired  to  grow. 

The  value  of  a  leguminous  crop  preceding  oats  is  well  shown  by 
experiments  at  the  Alabama  station.  The  yield  after  corn  Avas 
13.7  bushels  to  the  acre;  after  cowpeas  plowed  under,  19.9  bushels; 
and  after  peanuts  from  which  the  nuts  had  been  picked,  30  bushels. 
In  another  experiment  the  yield  after  millet  was  9.7  bushels;  after 
crab-grass  and  weeds,  7.1  bushels;  after  velvet  beans,  stubble  only, 
38.7  bushels;  after  velvet  beans,  vines  plowed  under,  28.G  bushels; 
after  cowpeas,  stubble  only,  34.4  bushels;  and  after  cowpeas,  vines 
plow^ed  under,  28.8  bushels.  The  average  yield  after  nonleguminous 
plants  was  8.4  bushels,  while  after  leguminous  plants  it  was  32.6 
bushels,  with  a  corresponding  difference  in  the  yield  of  straw.  These 
figures,  however,  are  the  results  of  only  one  year's  work.  A  large 
part  of  the  benefit  could,  no  doubt,  have  been  secured  by  growing 
oats  after  a  cultivated  crop  in  a  short  rotation  which  included  two 
OF  more  leguminous  crops. 

PREPARATION  OF  THE  LAND  FOR  OATS. 

The  method  of  preparation  of  the  land  depends  to  some  extent  on 
the  previous  treatment  it  has  received  and  on  the  character  of  the 
soil.  In  any  case  a  loose,  mellow  seed  bed  should  be  prepared,  as  the 
success  of  the  crop  depends  in  a  large  measure  on  the  condition  of  the 
seed  bed  and  on  the  fall  growth. 

In  general,  the  land  should  be  plowed  5  or  6  inches  deep  at  least 
a  month  before  the  oats  are  to  be  sown,  and  the  plow  followed  imme- 
diately by  the  spike-tooth  or  other  smoothing  harrow.  Double  disk- 
ing and  another  harrowing  should  then  put  it  in  shape  for  drilling. 
Additional  disking  and  harrowing  may  be  necessary,  if  the  ground 
is  hard  and  rough.  If  it  is  loose  from  recent  plowing,  the  roller  or 
plank  drag  may  be  used  to  make  a  more  compact  seed  bed.  Rolling 
may  often  be  done  to  advantage  on  loose,  sandy  land,  but  on  the 
heavier  loam  and  clay  soils  the  roller  should  always  be  follow^ed  with 
the  harrow  to  break  the  crust  and  check  evaporation.  If  the  land 
has  been  thoroughly  plowed  the  preceding  spring  for  some  other  crop 
and  has  been  thoroughly  cultivated  throughout  the  season,  disking 
and  harrowing  may  take  the  place  of  plowing,  especially  on  sandy 
land.  The  fertilizer  may  be  distributed  when  the  seed  is  sown  if  the 
oats  are  to  be  drilled;  otherwise,  it  should  be  applied  before  the  last 
harrowing. 
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PREPARAliO^    ur    THE    SEED. 

CLEANING  AND   GRADING   THE  SEED. 

Tho  yield  of  oats  can  be  considerably  inci-eased  by  cleaning  and 
grading  the  seed  and  by  treating  it  to  prevent  smut. 

Seed  oats  should  be  thoroughly  cleaned  and  graded  before  sowing. 
The  stand  produced  from  heavy  seed  is  Ix^tter  and  more  uniform  than 
that  from  ungraded  seed.  The  strong,  vigorous  plants  produced 
from  plump,  heavy  seed  stand  the  winter  better  than  the  weak  ones 
which  grow  from  light  shriveled  grains;  their  growth  is  better 
throughout  the  season  and  the  yield  larger.  Cleaning  the  seed  not 
only  removes  the  weak,  light  grains  of  oats  but  takes  out  many  weed 
seeds.  Most  of  the  seeds  of  cheat  or  chess,  one  of  the  most  trouble- 
some weeds  in  oat  fields,  can  be  removed  by  thorough  cleaning. 

Seed  oats  are  usually  cleaned  and  graded  with  the  fanning  mill, 
but  where  this  machine  is  not  available  and  the  quantity  of  seed 
sown  is  small,  fairly  effective  work  can  be  done  by  pouring  the  grain 
back  and  forth  from  one  vessel  to  another  in  a  brisk  wind.  If  a 
considerable  quantity  of  seed  is  to  be  cleaned,  the  gain  from  sowing 
cleaned  seed  will  soon  repay  the  cost  of  a  fanning  mill. 

TREATMENT  OF  SEED  FOR  SMUT. 

A  considerable  portion  of  the  oat  crop  is  lost  each  year  from  the 
attacks  of  the  smut  fungus.  This  loss  is  easily  and  cheaply  prevented 
by  treating  the  seed  before  sowing  with  a  solution  of  1  pound  of 
formalin  to  40  gallons  of  water." 

The  grain  should  be  placed  on  a  clean  floor  or  caiiwt-  .tiul  sprinkled 
with  the  solution.  The  pile  should  be  shoveled  over  occasionally 
while  applying  the  formalin,  to  make  sure  that  all  the  grain  is  thor- 
oughly moistened.  It  should  then  be  covered  with  blankets  or  canvas 
and  left  for  several  hours,  when  it  may  be  sown  at  once  or  spread 
out  to  dry.  It  will  run  through  the  drill  much  better  if  dried  l)efore 
sowing.  Grain  may  also  be  treated  by  pouring  it  into  a  tub  of  the 
solution,  stirring  thoroughly,  and  spreading  out  to  dry  after  it  has 
remained  in  the  solution  twenty  or  thirty  minutes.  Sprinkling  is 
just  as  effective,  however,  and  is  a  cheaper  and  more  rapid  method. 
Care  should  be  used  not  to  put  the  treated  grain  into  bins,  sacks,  or 
machinery  where  it  is  likely  to  come  in  contact  with  smut  spores. 

"Farmers'  Bulletin  250,  entitled  "The  Prevt^ntion  of  Stinking  Smut  of  Wheat 
and  I/K)S(»  Smut  of  Oats."  gives  complete  directions  for  the  use  of  the  formalin 
treatment. 
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SOWING  THE  SEED. 

The  success  of  the  winter-oat  crop  depends  in  a  large  measure  on 
the  time,  the  rate,  and  the  manner  of  seeding.  Early  seeding  with 
the  grain  drill  or  in  open  furrows,  using  2  bushels  of  seed  to  the  acre, 
is  recommended. 

TIME  OF  SEEDING. 

Winter  oats  are  less  hardy  than  winter  wheat  or  barley  and  for 
that  reason  should  be  sown  earlier,  so  that  the  plants  may  become 
well  rooted  and  make  considerable  top  growth  before  cold  weather. 
Oats  are  seldom  attacked  by  insects  in  the  fall,  so  that  there  is  no 
necessity  for  delay  in  seeding,  as  with  wheat  where  the  Hessian  fly 
is  common.  In  the  extreme  South,  seeding  need  not  be  done  until 
November,  but  farther  north  September  and  October  are  the  best 
months. 

In  Oklahoma,  northern  Arkansas,  Kentucky,  Tennessee,  Maryland, 
and  the  higher  portions  of  Virginia  and  North  Carolina  seeding 
should  usually  be  completed  by  September  20.  The  Virginia  station 
secured  an  average  yield  of  30.G4:  bushels  to  the  acre  in  a  four-year 
test  from  Culberson  oats  sown  September  15,  28.06  bushels  from  those 
sown  September  30,  and  15.32  bushels  from  the  seeding  of  October 
15,  while  in  three  of  the  four  years  the  plats  sown  October  30  were  a 
total  failure.  At  the  Maryland  station  better  yields  were  obtained 
from  seeding  September  1  than  two  or  four  weeks  later. 

In  the  lower  i^ortions  of  Tennessee,  Virginia,  and  North  Carolina, 
the  mountain  sections  of  South  Carolina,  Georgia,  and  Alabama, 
southern  Arkansas,  and  in  northern  Mississippi  and  Texas,  the  seed 
should  ordinarily  be  sown  between  September  20  and  October  10.  In 
northern  Louisiana,  central  Texas,Mississippi,  Alabama,  and  Georgia, 
and  the  lower  portion  of  South  Carolina  seeding  may  be  done  almost 
any  time  during  the  month  of  October,  while  along  the  Gulf  coast  late 
October  and  early  November  seeding  is  usually  satisfactory.  Time-of- 
seeding  tests  have  not  been  reported  in  recent  years  from  any  of  the 
Southern  States  except  Virginia.  October  seeding  in  Georgia  and 
Alabama  is  advised,  however,  by  the  agricultural  experiment  stations 
in  those  States. 

METHOD  OF  SEEDING. 

The  methods  of  seeding  winter  oats  are  (1)  broadcast  seeding; 
(2)  drilling  with  the  ordinary  grain  drill;  and  (3)  drilling  with  a 
specialh'  devised  drill  by  what  is  known  as  the  open-furrow  method. 

Broadcast  Seeding. 

Winter  oats  are  sometimes  sown  broadcast,  but  this  method  is  not 
to  be  recommended.    When  sown  broadcast  and  harrowed  in,  much 
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of  the  seed  is  left  near  the  surface,  even  in  well-prepaixnl  ground,  so 
that  many  of  the  phiiits  are  shaUow  rooted  and  are  killed  by  heaving 
or  cold.  A  Ix'tter  method,  where  broadcast  seeding  is  necessary,  is  to 
sow  the  seed  on  clean  ground  which  has  been  disked,  covering  it  about 
:\  inches  deep  with  the  turning  plow.  The  ground  should  then  l)e 
left  rather  rough,  as  the  uneven  surface  furnishes  some  protection 
for  the  plants.  More  seed  should  be  used  in  broadcast  seeding  than 
in  drilling. 

Drilling  the  Seed. 

The  use  of  the  grain  drill  in  sowing  winter  oats  is  .strongly  recom- 
mended. Drilling  produces  a  more  uniform  stand  and  more  even 
germination  and  growth  than  broadcast  seeding.     Drilling  also  re- 


Vir..  s.  —  A  disk  drill  with  dia;:  cliains  n-iuoVi-d.  as  it  should  be  usid  iu  .sctwin;;  uinii  r  oais. 

(|uires  less  seed  and  the  plants  are  less  likely  to  winterkill.  Drilling 
at  least  3  inches  deep  on  well-prepared  land,  leaving  the  drill  fur- 
rows as  open  as  possible,  is  advised.  Drag  chains  should  not  be 
used  on  the  drill,  nor  should  the  land  be  harrowed  after  drilling. 
This  letwves  the  seed  in  the  Iwttom  of  shallow  furrows,  which  in  a 
measure  protect  the  young  plants  from  winterkilling.  Figure  8 
shows  a  disk  drill  as  it  should  be  used  in  sowing  winter  oat.s. 

As  the  grains  of  varieties  of  the  Red  Rustproof  type  are  likely  to 
stick  together,  the  drill  should  be  watched  clo.sely  to  see  that  the 

seed  is  being  evenly  distributed.     A  drill  with  n  unt^^^  f- ^'-'d  will 

sow  this  variety  quite  satisfactorily. 
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The  Open-Furrow  Method  of  Seeding-. 

The  Georgia  experiment  station  a  number  of  years  ago  devised 
what  is  known  as  the  open-furrow  method  of  seeding  oats.  By  this 
method  the  seed  is  sown  in  drills  from  IG  to  24  inches  apart,  the  ordi- 
nary single-row  planter  or  a  specially  devised  drill  being  used  for 
the  puri^ose.  If  desired,  a  drill  with  a  fertilizer  attachment  may  be 
used  and  the  fertilizer  distributed  in  the  furrows  with  the  seed.  A 
combined  grain  and  fertilizer  drill,  for  sowing  4  rows  16  inches 
apart  by  the  open- furrow  method,  is  shown  in  figure  9. 

The  seed  is  sown  in  drills  or  furrows  several  inches  deep,  so  that  the 
roots  and  crowns  of  the  plants  are  2  or  3  inches  below  the  surface. 
The  rains  and  alternate  freezing  and  thawing  partially  fill  these 
furrows,  but  the  plants  are  still  left  well  below  the  surface.     Kun- 


FiG.  9. — Open-furrow  drill  for  sowing  winter  oats. 

ninsf  the  drills  across  the  usual  direction  of  the  winter  winds  is  rec- 
ommended  by  the  Georgia  station  as  an  additional  protection,  as  the 
slight  wall  of  earth  prevents  the  full  force  of  the  wind  from  striking 
the  plants.  Thus,  if  the  coldest  winter  winds  are  ordinarily  from  the 
northwest,  the  drills  should  run  northeast  and  southwest. 

In  a  four-year  test  at  the  Alabama  station  the  open-furrow  method 
of  seeding  was  compared  with  broadcast  seeding.  The  average  yield 
for  the  broadcast  plats  was  24.2  bushels  to  the  acre,  while  the  plats 
drilled  in  deep  furrows  yielded  27.4  bushels.  Drilled  plats  in  which 
the  furrows  were  filled  after  seeding  averaged  26.7  bushels.  This 
station  recommends  the  open-furrow  method  on  well-drained  land; 
on  wet  or  very  level  land  water  may  stand  in  the  furrows  long 
enough  to  injure  the  crop. 
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RATE  OF   SEEDING. 

The  ratr  of  .^hmHii^  usually  rocouniuMKh^d  for  Hod  Hust proof  and 
siuiilar  varieties  of  oats  when  sown  with  the  open-furrow  drill  is 
*2  bushels  to  the  acre.  When  sown  with  the  ordinary  drill  2J  bushels 
is  about  the  proper  rate.  Hroadeast  seedin<r  requires  still  mon*  seed, 
from  l\  to  4  bushels  being  necessary.  As  the  Winter  Turf  oat  is  some- 
what hardier  and  stools  more  than  the  Red  Rest  proof,  it  may  be 
seeded  at  a  lower  rate,  from  IJ  to  2  bushels  when  drilled  or  '2 J  bushels 
when  sown  broadcast.  In  the  northern  portion  of  the  winter-oat  area, 
where  the  dan^r  from  winterkilling  is  great,  and  farther  south  wlun 
late  seeding  is  necessary,  the  rate  of  seeding  should  be  somewhat 
increased. 

From  2 J  to  3  bushels  of  the  Red  Rustproof  or  Culberson  and 
2^  bushels  of  the  Winter  Turf  are  about  the  proper  rates  of  seeding 
for  the  colder  portions  of  the  winter-oat  belt.  WMien  the  crop  is  to 
be  used  for  pasture  or  hay  somewhat  heavier  seeding  is  advisable 
than  where  it  is  grown  for  gniin.  AMien  used  as  a  nurse  crop  for 
grasses  or  clover,  or  when  grown  with  crimson  clover  or  vetch,  less 
seed  should  be  used  than  when  oats  are  grown  alone. 

TREATMENT  OF  THE  LAND  AFTER  SEEDING. 

Top  dressing  with  barnyard  manure  in  the  fall  and  the  applica- 
tion of  nitrate  of  soda  in  the  spring  have  already  been  discussed  as 
means  of  increasing  the  yield  of  fall-sown  oats.  Injury  to  the  plants 
from  heaving  during  the  winter  and  early  spring,  with  the  conse- 
(juent  exposure  of  the  roots  to  the  sun  and  wind,  may  sometimes  be 
prevented  by  rolling  the  land  as  soon  as  possible  after  the  heaving 
takes  place.  Clay  soils,  the  type  on  which  heaving  is  most  likely 
to  occur,  should  not  be  rolled  when  wet,  so  that  this  method  of  re- 
ducing the  damage  can  not  alwaj's  be  used.  Harrowing  in  the  early 
spring  will  help  to  keep  weeds  in  check  and  will  also  loosen  the  hanl 
surface  soil  and  prevent  loss  of  moisture.  When  the  open-furrow 
method  of  seeding  is  used  the  ridges  between  the  rows  should  be 
leveled  down  in  the  spring  with  the  harrow. 

Winter  oats,  like  otlier  winter  grains,  are  sometimes  used  as  pas- 
ture for  stock.  Early  seeding  is  particularly  essential  when  the 
crop  is  to  be  pastured  in  the  fall.  Pasturing  at  this  time  always 
increases  the  danger  from  winterkilling,  as  it  les.sens  the  j^rotection 
afforded  by  the  leaves.  Winter  oats  should  not  be  pa.stured  as  closely 
as  winter  wheat  or  rye,  as  the  oats  are  less  hardy  than  the  other 
grains.  Pa.sturmg  in  the  .spring  delays  maturity.  As  earliness  is 
essential  to  the  production  of  a  good  crop  of  oats  the  value  of  the 
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pasture  does  not  usually  make  up  for  the  loss  in  yield  of  grain. 
AYinter-grain  fields  should  never  be  pastured  Avhen  the  ground  is  wet, 
as  the  trampling  injures  the  physical  condition  of  the  soil.  Harrow- 
ing in  the  spring  to  loosen  soil  which  has  been  packed  by  pasturing 
is  beneficial  to  the  crop. 

SPRING  SEEDING  OF  WINTER  OATS. 

Even  though  all  precautions  are  taken,  the  stand  of  winter  oats 
may  sometimes  be  destroyed  by  cold  weather  or  the  effects  of  alter- 
nate freezing  and  thawing.  As  a  safeguard  against  total  loss  when 
this  occurs,  the  Georgia  station  suggests  that  a  small  part  of  the  land 
to  be  devoted  to  oats  be  left  unseeded  each  fall.  If  the  fall-sown  oats 
survive  the  winter,  this  portion  of  the  field  is  sown  to  Burt  oats  as 
early  as  possible  in  the  spring.  On  the  other  hand,  if  the  fall-sown 
oats  winterkill,  the  large  field  is  sown  to  Burt  oats  in  the  spring  and 
the  small  one  to  the  winter  variety  in  order  to  get  seed  for  sowing  the 
following  autumn.  The  Alabama  station  found  that  the  hardiness 
and  yield  of  Red  Rustproof  oats  were  not  injured  by  sowing  one  year 
in  the  spring,  so  that  this  plan  may  be  followed  without  danger  of 
loss.  The  smaller  portion  of  the  field  should  be  large  enough  to  pro- 
duce sufficient  seed  of  the  winter  variety  to  sow  the  entire  crop  the 
following  fall,  if  necessary.  Enough  seed  of  the  Burt  to  sow  the 
larger  area  and  enough  of  the  winter  variety  for  the  small  one  should 
be  reserved  each  year  until  the  danger  of  Avinterkilling  is  past. 

WEEDS. 

One  of  the  most  common  weeds  in  winter-oat  fields  is  cheat,  or 
chess.  The  popular  belief  that  oats  turn  to  cheat  is  due  to  the  rapid, 
vigorous  growth  of  this  weed  and  the  manner  in  which  it  occupies 
the  ground  where  grain  has  winterkilled.  Occasional  plants  of  cheat, 
which  would  hardly  be  noticed  in  a  good  stand  of  oats,  grow  so  vig- 
orously and  stool  so  abundantly  when  given  plenty  of  space  by  the 
winterkilling  of  the  oats  as  to  give  the  impression  that  the  entire 
crop  has  turned  to  cheat.  When  a  considerable  proportion  of  the 
crop  is  cheat,  the  best  plan  is  to  cut  the  oats  and  cheat  together  for 
hay  before  the  seeds  mature.  If  the  oats  are  entirely  killed  the 
cheat  should  be  plowed  under  and  the  land  used  for  a  cultivated  crop. 
Other  winter  weeds,  such  as  chickweed,  shepherd 's-purse,  and  pep- 
pergrass,  sometimes  cause  trouble,  but  these  are  not  often  serious 
pests  and  can  usually  be  kept  in  check  by  harrowing.  Weeds  which 
do  not  start  growth  imtil  spring  do  not  often  cause  trouble,  as  the 
growth  of  the  crop  is  rapid  at  that  season.  Rotation  of  crops,  good 
cultivation,  and  thorough  cleaning  of  seed  grain  are  strongly  recom- 
mended as  means  of  keeping  weeds  under  control. 
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HARVESTING  THE    CROP. 

Oats  are  usually  cut  with  a  grain  biiulor,  but  whore  the  area  is  too 
small  to  justify  the  use  of  this  nuichine,  a  mower  or  even  a  cradle 
may  be  used.  If  cut  with  the  binder  the  grain  should  ha  allowed  to 
stand  initil  nearly  ripe  or  until  just  after  it  pass(»s  out  of  the  hard 
dough  stage.  The  bundles  or  sheaves  should  be  set  up  in  round  shocks 
of  10  or  12  bundles  each,  using  1  or  2  bundles  for  caps  or  covering 
with  canvas  shock  covers.  The  bundles  should  1h'  thoroughly  dry 
when  shocked  and  the  slux^ks  should  be  carefully  built,  so  that  the 
grain  is  exposed  as  little  as  possible  to  the  weather.  If  it  is  necessary 
to  cut  the  oats  with  a  mower,  they  should  not  be  as  ripe  as  for  bind- 
ing, or  there  will  be  loss  from  shattering  in  handling.  The  oats 
usually  grown  in  the  South  do  not  shatter  readily,  however.  When 
cut  with  the  mower  the  grain  should  be  allowed  to  cure  for  a  short 
time  in  the  swath  or  w^indrow,  and  should  then  be  placed  in  well- 
built  cocks  and,  if  possible,  covered  with  canvas  covers. 

"\Mien  the  grain  has  cured  in  the  shock,  which  will  be  in  about  ten 
days  if  the  weather  is  good,  it  should  be  stacked  or  placed  under 
cover.  If  a  thrashing  machine  is  available,  it  may  be  thrashed  at 
once.  In  any  case,  it  should  be  dry  when  stacked  or  stored,  as  it  is 
likely  to  mold  if  at  all  damp,  (irain  which  has  been  cut  with  the 
mower  may  be  stacked  as  soon  as  cured,  and  may  then  be  handled  in 
the  same  manner  as  that  which  is  bound.  In  either  case,  it  may, 
with  little  loss,  be  fed  to  stock  without  thrashing,  or  it  may  be 
thrashed  when  thoroughly  dry.  If  it  is  thrashed,  the  grower  sliould 
see  that  all  the  grain  is  removed  from  the  straw  and  that  the  separa- 
tion of  grain  and  chaff  is  complete.  After  thrashing,  the  grain 
should  be  stored  in  tight  bins,  where  it  is  protected  from  the  weather 
and  from  vermin.  The  straw  should  be  run  into  the  barn  or  carefully 
stacked,  so  that  the  loss  from  weathering  will  be  slight. 

If  the  crop  is  to  be  used  for  hay,  it  should  be  cut  after  the  grain 
is  developed  but  before  the  straw  becomes  tough  and  hard.  If  it 
is  grown  with  vetch,  crimson  clover,  or  some  other  crop,  the  time  at 
which  it  is  cut  will  depend  to  some  extent  on  the  state  of  maturity  of 
the  crop  with  which  it  is  grown.  The  hay  shoidd  be  cured  in  the 
windrow  and  cock,  with  as  little  exposure  to  rain  as  possible,  and 
should  be  placed  under  cover  or  stacked  as  soon  as  it  is  cured.  The 
curing  of  hay  is  sometimes  difficult  in  the  South,  owing  to  frequent 
rains,  and  the  best  quality  can  be  secured  only  by  protecting  the  cocks 
from  the  weather  by  the  use  of  canvas  covei-s.  If  these  are  carefully 
stored  when  not  in  use,  they  will  last  for  a  number  of  years  and  will 
prove  a  good  investment.  Oats  may  be  cut  for  soiling  ( feeding  green) 
as  soon  as  the  heads  begin  to  show,  and  cutting  may  continue  until 
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the  crop  is  nearly  ripe.     If  cut  in  the  early  stages,  the  stubble  will 
produce  a  fairly  heavy  second  crop. 

YIELDS.  ' 

As  previously  stated,  the  oat  yields  of  the  Southern  States  are  low, 
averaging  from  15  to  25  bushels  to  the  acre.  It  is  safe  to  assume, 
however,  that  the  yield  of  winter  oats  in  these  States  is  considerably 
higher  than  that  of  the  combined  fall-sown  and  spring- sown  crop. 
The  yield  of  winter  oats  at  the  Alabama  station  from  1897  to  1900 
varied  from  5.5  to  62.5  bushels  to  the  acre,  according  to  the  variety 
and  the  season,  with  an  average  of  about  30  bushels.  The  Georgia 
station  reports  yields  as  high  as  65  bushels.  In  the  black  waxy  belt 
in  Texas  the  production  of  from  60  to  80  bushels  to  the  acre  is  not 
uncommon  in  favorable  years,  while  more  than  100  bushels  are  some- 
times produced. 

IMPROVEMENT  OF  THE  CROP. 

Thorough  cleaning  and  grading  of  the  seed  each  year  insures  the 
grower  against  the  running  out  of  the  strain,  w^hich  is  so  generally 
believed  to  occur;  in  fact,  there  will  be  a  gradual  improvement  in 
the  yield  and  quality  of  the  crop.  Good  home-grown  seed  is  always 
better  and  safer  than  that  of  unknown  origin  which  can  be  secured 
on  the  market.  Little  is  to  be  gained,  and  there  is  considerable 
chance  of  loss  when  seed  oats  are  brought  from  distant  points,  unless 
the  seed  is  known  to  be  pure  or  of  selected  strains.  Otherwise  it 
may  contain  troublesome  weeds,  be  low  in  germination,  or  of  a  strain 
which  is  not  winter  hardy. 

The  improvement  of  oats  through  the  selection  of  individual  plants 
or  heads  and  the  testing  of  these  selected  strains  is  interesting  and 
valuable  work  for  those  who  have  the  time  and  patience  to  devote 
to  it."  The  best  heads  should  be  selected  from  strong,  vigorous 
plants  growing  under  normal  conditions.  Those  which  stand  along 
the  edges  of  the  field  or  in  open  spaces  should  not  be  selected,  as  their 
vigorous  growth  is  due  to  especially  favorable  conditions.  The 
selected  heads  should  be  thrashed  separately  by  hand,  and  the  seed 
from  each  planted  in  a  row  by  itself.  Those  which  appear  to  be  most 
promising  should  be  selected  the  following  season  for  further  test- 
ing; the  remainder  should  be  discarded.  The  seed  from  each  of  the 
selected  rows  is  thrashed  and  planted,  the  best  rows  being  again 
selected  at  harvest  time  for  further  testing  and  increase  the  next 

<*The  method  of  testing  these  strains  is  described  in  detail  in  Circular  30, 
Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agriculture,  entitled  "  Improvement 
of  the  Oat  Crop." 
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as  rapidly  as  possible.  If  all  the  seed  is  used,  enoiiirh  for  Ijul^c 
can  be  p:ro\vn  from  a  single  head  in  a  few  years. 

INSECTS  AND  DISEASES. 

The  insect  which  is  most  likely  to  cause  damage  in  growing  oats  in 
the  South  is  the  spring  grain -a  phis,"  or  '*  green  bug."  As  this  insect 
usually  appears  on  small  areas  and  in  limited  numbers  at  first,  it  can 
best  be  kept  in  check  by  plowing  under  the  grain  on  these  areas  or 
destroying  it  by  other  means.  Though  the  hulls  protwt  oats  to  some 
extent  from  weevils  and  grain  moths  which  attack  the  grain  in  the 
bin,  thesi^  insects  sometimes  do  considerable  damage.  The  two  most 
effective  means  of  combating  them  are  fumigation  of  the  grain  in 
tight  bins  with  carbon  bisulphid  and  with  hydrocyanic-acid  gas.** 

Rust  and  smut  are  the  two  diseases  which  are  most  likely  to  affect 
the  oat  crop  seriously.  Conditions  in  the  South  are  usually  favor- 
able to  the  development  of  nist,  which  needs  damp,  warm  weather. 
The  best  preventive  measures  are  the  planting  of  rust-resistant  va- 
rieties (the  Red  Rustproof  type)  and  sowing  only  on  well-drained 
land.  Drilling  in  wide  rows  which  admit  the  light  and  air,  and  the 
use  of  fertilizers  rich  in  phosphoric  acid  and  potash,  thus  inducing 
early  maturity,  also  aid  in  keeping  rust  in  check.  Oat  smut  can  be 
controlled  by  the  use  of  the  formalin  treatment  already  mentioned. 

FEEDING  VALUE  OF  OATS. 

The  feeding  value  of  oats  largely  depends  on  the  proportion  of 
kernel  to  hull,  as  the  hull  contains  little  digestible  material  and  a 
large  amount  of  crude  fiber.  A  good  sample  of  oats  contains  from 
65  to  75  per  cent  of  kernel.  Well-matured  samples  of  Red  Rustproof 
and  other  winter  oats  grown  in  the  South  show  as  high  a  percentage 
of  kernel  and  as  high  feeding  value  as  good  spring  oats  grown  in 
the  North.  An  average  sample  of  oats  contains  about  80  per  cent 
of  dry  matter,  or  practically  the  same  as  wheat,  barley,  and  corn. 
One  hundred  pounds  of  oats,  according  to  Henry ,^  contain  9.2 
pounds  of  digestible  protein,  47.3  pounds  of  digestible  carbohydrates, 
and  4.2  pounds  of  digestible  fat.  This  is  more  protein  or  flesh- 
forming  food  than  is  contained  in  100  pounds  of  corn  or  barley,  and 
nearly  as  much  as  in  a  similar  quantity  of  wheat.    Henry's  figures 

"Circular  03,  Bureau  of  Entomology,  U.  S.  Dept.  of  Agriculture.  descrllKW  the 
spring  grain-aphis  and  gives  methods  for  its  control. 

*  Farmers'  Bulletin  145  gives  directions  for  fumigating  grain  with  carbon 
bisulphid.  Circular  112,  Bureau  of  Entomology-,  furnislies  directions  for  tr«*:it- 
ment  with  hydrocyanic-acid  gas. 

<^  Henry,  W.  A.     Feeds  and  Feeding.  9th  ed.,  p.  6:^2. 
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are  based  largely  on  anaWses  of  spring  oats,  but,  as  stated,  analyses 
of  winter  oats  show  no  definite  differences  in  composition.  Oats  con- 
tain only  about  two-thirds  as  much  digestible  carbohydrates  as  wheat, 
barley,  or  corn,  but  this  difference  is  in  part  made  up  by  the  fact 
that  they  contain  more  than  twice  as  much  fat  as  either  barley  or 
wheat.    Corn  contains  slightly  more  fat  than  oats. 

The  feeding  value  of  oat  straw  is  higher  than  that  of  the  straw 
of  any  other  small  grain  and  is  nearly  as  great  as  that  of  corn  stover 
(fodder  with  the  ears  removed).  As  well-cured  oat  straw  can 
usually  be  fed  with  less  waste  than  corn  stover,  the  actual  feeding 
value  of  a  ton  of  oat  straw  is  probably  equal  to  that  of  a  ton  of 
corn  stover.  One  hundred  pounds  of  oat  straw  contain  90.8  pounds 
of  dry  matter,  while  the  digestible  nutrients  in  100  pounds  of  oat 
straw^  consist  of  1.2  pounds  of  protein,  38.6  pounds  of  carbohydrates, 
and  0.8  pound  of  fat.« 

Oat  hay  is  higher  in  all  the  food  constituents  than  timothy  hay, 
which  is  frequently  shipped  into  the  South  and  sold  at  high  prices. 
The  feeding  value  of  oat  hay  depends  on  the  proportion  of  grain  to 
straw.  Mature  plants  of  the  Red  Rustproof  variety  usually  produce 
about  as  much  grain  as  straw,  while  in  the  AYinter  Turf  variety  the 
weight  of  the  straw^  is  often  double  that  of  the  grain.  As  the  grain 
is  not  fully  developed  when  the  crop  is  cut  for  hay  the  proportion  of 
grain  to  straw  in  oat  hay  is  less  than  in  the  mature  plants.  Hay 
made  from  the  Red  Rustproof  oat  is  higher  in  feeding  value,  ton  for 
ton,  than  that  from  the  Winter  Turf,  on  account  of  the  greater  pro- 
portion of  grain  it  contains.  On  account  of  the  smaller  yield,  how- 
ever, the  hay  from  an  acre  of  the  Red  Rustproof  oats  usually  contains 
less  feed  than  that  from  an  acre  of  the  Winter  Turf. 

FEEDING  THE  GRAIN  TO  STOCK. 

The  high  value  of  oats  for  feeding  to  horses  and  mules  is  generally 
well  understood.  The  market  price  of  oats  in  the  South  is  usually  so 
high  that  this  grain  can  not  be  fed  with  profit  to  any  other  class  of 
animals.  Even  when  fed  to  horses  and  mules  the  most  economical 
results  can  be  obtained  by  substituting  corn  for  a  part  of  the  oat 
ration.  Recent  experiments  show  that  a  small  quantity  of  cottonseed 
meal  can  be  added  to  the  ration  with  safety  to  make  up  for  the 
deficiency  in  protein  when  corn  is  fed  to  work  stock.  If  the  ration 
for  work  stock  is  made  up  of  equal  parts  of  oats  and  corn  its  efficiency 
will  not  be  decreased,  but  the  cost  will  be  materially  lessened,  unless 
corn  is  unusually  high  in  price.     Oats  are  particularly  valuable  for 

«  Henry,  op.  cit.,  p.  633. 

436 


WINTKK   t»AT>  IK   ISUUIH.  L'l) 

frodiii^  to  colts  and  to  other  young  and  growing  stcK'k.  The  vidue 
of  this  grain  for  feeding  to  young  animals  is  due  to  its  high  propor- 
tion of  ash,  or  l>one- forming  material,  and  of  protein,  or  nmsclc- 
forming  material. 

When  oats  are  not  too  high  in  price  they  are  a  valuable  giu...  i*>r 
feeding  to  dairy  cows,  sheep,  and  poultry.  As  they  are  not  fat- 
producing,  they  are  not  of  value  in  fattening  cattle,  while  their  high 
proportion  of  crude  fiber  makes  oats  an  inferior  feed  for  hogs.  Oats 
are  usually  fed  whole  to  all  kinds  of  stock,  though  for  young  animals 
or  for  older  ones  with  poor  teeth  the  gl*ain  should  be  crushed. 

OAT  STRAW. 

Oat  straw,  as  previously  stated,  is  a  better  feed  than  the  straw  of 
any  other  small  grain.  It  is  a  valuable  roughage  for  feeding  to  all 
kinds  of  stock  not  at  hard  work,  but  contains  too  much  waste  mate- 
rial to  make  up  the  entire  ration.  When  fed  with  cowpea  or  other 
hay  which  is  high  in  feeding  value  it  gives  V)nlk  to  tlio  ration  ;md 
lessens  its  cost. 

Oat  straw  is  valuable  in  making  and  saving  manure;  when  used  as 
bedding  it  absorbs  and  holds  a  large  part  of  the  liquid  manure.  It 
also  adds  to  the  value  of  the  manure,  as  the  ammonia,  phosphoric  acid, 
and  potash  in  a  ton  of  oat  straw  at  present  prices  would  cost  at  least 
$3.  The  straw  makes  a  good  mulch  for  trees,  small  fruits,  and  vege- 
tables, but  should  not  be  used  for  this  purpose  unless  it  is  quite  free 
from  weed  seeds. 

OATS  AS  HAY  AND  PASTURE  AND  FOR  OTHER  PURPOSES. 

Oats  make  excellent  hay,  which  matures  early  enough  in  the  sea- 
son to  allow  the  production  of  another  crop  on  the  land.  The  yield 
is  heavy,  from  1  to  8  tons  to  the  acre,  according  to  the  fertility  of  the 
soil,  and  the  quality  is  high.  The  hay  is  easily  cured  and  is  relished 
by  all  kinds  of  stock.  The  yield  and  feeding  value  may  both  be  in- 
creased by  growing  vetch  or  some  other  leguminous  crop  with  the 
oats. 

Good  pasture  for  stock  of  all  kiniU  i.>  produced  by  winui  ...,i-. 
As  previously  stated,  however,  pasturing  the  crop  usually  reduces 
the  yield  of  grain.  When  the  pasture  provided  by  a  winter-grain 
crop  is  an  important  item  it  is  usually  better  to  use  wheat  or  rye.  as 
either  of  these  crops  may  be  pastured  quite  closely  and  yet  produce 
a  satisfactory  crop  of  grain.  If  desired,  oats  may  be  pastured  closely 
in  the  spring,  then  plowed  under  and  the  land  planted  at  once  to 
some  other  crop.  Vetch  and  oats  together  make  good  pasture,  par- 
ticularly for  sheep  and  hogs. 
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As  a  soiling  crop  oats  can  not  be  used  as  early  in  the  spring  as  rye, 
but  the  feed  produced  is  of  better  quality  and  can  be  used  for  a 
longer  period.  The  quantity  of  green  feed  produced  by  oats  is  large 
and  the  crop  can  be  used  over  a  considerable  period.  If  cut  early,  a 
good  second  crop  is  produced.  Cutting  can  be  begun  as  soon  as  the 
plants  begin  to  show  heads  and  may  be  continued  until  the  grain  is 
nearly  ripe.  Green  oats  are  relished  by  all  kinds  of  stock  and  there 
is  little  waste  in  feeding.  Yetch  or  crimson  clover,  grown  with  the 
oats,  improves  the  quality  of  the  green  feed  produced. 

Oats  are  also  used  as  a  nurse  crop  and  as  a  cover  crop.  The  use  of 
winter  oats  as  a  nurse  crop  is  rather  rare  in  the  South,  as  grass  or 
leguminous  crops  are  not  often  sown  for  the  production  of  permanent 
meadows.  In  general,  these  crops  succeed  better  in  the  South  when 
seeded  without  a  nurse  crop.  Where  a  nurse  crop  is  used,  wheat  and 
barley  are  to  be  preferred  to  oats,  as  they  make  less  shade.  As  a 
winter  cover  crop,  to  prevent  washing  of  the  soil,  the  value  of  winter 
oats  has  already  been  stated. 

SUMMARY. 

Only  a  small  portion  of  the  area  of  the  Southern  States  is  devoted 
to  the  production  of  oats.  The  average  production  for  the  past  ten 
years  of  16  States  w^as  about  870,000,000  bushels,  or  8.5  per  cent  of 
the  crop  of  the  United  States.  The  average  acre  yield  was  21.8 
bushels  and  the  average  acre  value  $10.09. 

Winter  oats  are  a  valuable  crop  for  the  South,  as  they  form  a  soil 
cover  during  winter,  which  prevents  washing,  and  produce  consider- 
able quantities  of  grain  and  forage  for  stock. 

Winter  oats  are  superior  to  spring  oats  in  the  South,  as  they 
mature  earlier,  provide  a  soil  cover,  produce  larger  yields,  and  allow 
more  time  for  the  preparation  of  the  land  for  spring  crops. 

Two  types  of  winter  oats  are  commonly  grown,  the  Red  Rustproof 
and  the  Winter  Turf.  The  Red  Rustproof  is  rather  less  hardy  than 
the  Winter  Turf,  but  yields  more  grain  and  matures  earlier.  The 
latter  is  recommended  for  the  northern  portions  of  the  winter-oat 
belt  and  for  use  as  a  hay  and  pasture  crop. 

Winter  oats  can  be  grown  in  all  the  Southern  States  and  as  far 
north  as  Delaware,  Maryland,  Kentucky,  and  southern  Missouri.  The 
crop  is  not  certain  to  survive  the  winter  over  a  large  portion  of  this 
area,  however. 

Any  soil  which  will  produce  a  good  crop  of  cotton  or  corn  will 
grow  oats,  but  the  best  results  are  usually  secured  on  one  that  holds 
moisture  well.  Nitrogen  should  be  supplied  by  growing  a  leguminous 
43a 


crop  on  (ho  laiui.  \\\u\v  pDlasli  ami  pliu.-plKjrir  ai  ul  .^lioiild  U'  pro- 
vided according  to  the  nociis  of  the  soil.  Top  dressing  in  the  fall 
with  barnyard  manure  and  in  the  spring  with  a  small  quantity  of 
nitrate  of  soda  is  recommended. 

One  of  the  best  rotations  for  the  cotton  States  includes  corn  and 
( owpeas,  oats  followed  by  cowpeas,  and  cotton  in  a  three-year  rota- 
tion. Outside  the  cotton  belt  wheat  and  a  forage  crop  may  take  the 
place  of  cottcm. 

The  land  should  be  prepared  by  plowing,  disking,  and  harrowing, 
-o  that  a  loos(\  mellow  seed  bed  is  produced. 

The  seed  should  be  thoroughly  cleaned  and  graded  and  only  the 
largest  and  heaviest  grains  sown.  It  should  be  treated  for  smut  with 
1  solution  of  formalin. 

Early  seetling  is  advisable  to  secure  strong  growth  of  both  root 
and  top  in  the  fall.  AMien  the  seed  is  drilled  the  sowing  of  2  to  3 
bushels  to  the  acre  of  the  Red  Rustproof  or  IJ  to  '2  bushels  of  the 
Winter  Turf  is  reconunended.  Heavier  seeding  is  necessary  when 
the  seed  is  sown  broadcast.  Sowing  with  the  ordinary  grain  drill 
or  the  specially  devised  open-furrow  drill  is  to  be  preferred  to 
l)roadcast  seeding. 

Winter  grain  that  is  injured  by  heaving  may  sometimes  be  saved 
by  rolling  as  soon  as  possible  after  the  injury  occurs.  Pasturing 
usualh'  reduces  the  yield  of  grain.  Fi<'l(ls  wliicli  Imvp  Ihmmi  jvwtnn"] 
may  be  benefited  by  harrowing. 

A  small  portion  of  the  field  should  be  reserved  each  year  for  seed- 
ing to  a  spring  variety.  If  the  fall-sown  crop  winterkills,  the  large 
portion  should  be  sown  to  the  spring  variety  and  the  small  one  to 
the  winter  variety,  in  order  to  secure  seed  for  sowing  the  following 
fall. 

Rotation  of  crops,  cleaning  the  seed,  and  harrowing  are  advised 
is  methods  of  keeping  down  weeds. 

Oats  are  usually  cut  with  a  grain  binder  or  with  a  mower.  They 
-liould  be  carefully  shocked  or  cocked  to  prevent  weathering.  The 
gi-ain  should  be  thrashed  when  thoroughly  dry  and  stored  in  tight 
bins.  If  oats  are  grown  for  hay,  the  crop  should  lx»  cut  before  the 
traw  becomes  hard,  and  cured  with  as  little  exposure  to  the  weather 
as  possible. 

Yields  of  from  30  to  60  bushels  to  the  acre  are  not  uneoinnion  on 
irood  land,  while  more  than  100  bushels  to  the  acre  have  Ix'en  produced. 

Thorough  cleaning  of  the  seed  grain  each  year  will  improve  the 
yield  and  quality  of  the  crop.  It  may  be  further  iiKrea-cd  !)y  the 
selection  and  testing  of  individual  strains. 
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The  spring  graiii -aphis  is  the  insect  most  likely  to  damage  the 
growing  crop;  grain  weevils  and  moths  attack  the  stored  grain. 
Rust  and  smut  are  the  most  serious  diseases. 

Oats  are  about  equal  to  barley  and  wheat  in  feeding  value.  Corn 
is  a  better  fattening  feed.  Oat  straw  is  better  than  the  straw  from 
any  other  grain.    Oat  hay  is  equal  to  the  best  timothy  hay. 

Oats  can  be  fed  to  all  kinds  of  stock  except  hogs.  They  are  usually 
used  for  feeding  to  horses  and  mules,  as  they  are  too  high  in  price 
to  feed  to  other  animals.  The  straw  may  be  used  as  a  feed,  as  bed- 
ding, and  as  a  mulch  for  fruit  crops.  Oats  may  be  used  for  hay  or 
pasture,  or  as  a  soiling  crop.  They  may  also  be  used  as  a  nurse  crop 
or  as  a  cover  crop. 


[A  list  giving  the  titles  of  all  Farmers'  Bulletins  available  for  distribution 
will  be  sent  free  upon  application  to  a  Member  of  Congress  or  the  Secretary  of 
Agriculture.] 
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A  sysi>:m  of  tenant  farming  and  its 

RHSULTS. 


INTRODUCTION. 

a  well-managed  farm  that  pays  the  owner  fair  wages  and  5 
per  cent  interest  on  the  investment  while  keeping  up  the  fertility 
of  the  soil.  Some  farmers  make  considerably  more  than  tlii-.  A 
much  larger  number  make  less. 

By  basing  calculations  on  the  yields  from  a  few  of  the  best  fields, 
or  on  the  returns  from  especially  favorable  seasons,  or  on  a  few  of 
the  best  live  stock,  it  is  possible  to  figure  out  large  profits  in  farming. 
Likewise,  by  assuming  better  business  management  for  the  farm,  com- 
fortable theoretical  profits  are  worked  out.  Nevertheless,  in  actual 
practice  and  for  many  reasons  not  forseen  at  the  outset  tlie  average 
profits  in  farming,  aside  from  the  rise  in  value  of  the  land  itself,  are 
not  large,  but  on  the  other  hand  extremely  modest. 

The  most  profitable  farms  are  usually  those  managed  by  the 
owner  living  on  them.  Should  the  owner  tire  of  farming  and  move 
away  or  buy  or  inherit  a  farm  and  attempt  to  run  it  at  a  distance 
by  hired  labor,  he  generally  finds  the  results  distinctly  unsatisfactory 
and  soon  decides  to  sell  or  rent  the  farm. 

There  are  many  good  reasons,  however,  for  not  selling  ihc  iurm. 
Land  is  usually  a  very  safe  form  of  investment.  It  neither  burns 
up  nor  absconds.  It  may  appreciate  enough  in  value  as  the  country 
])ecomes  settled  to  pay  interest  on  the  investment,  even  if  no  crop^ 
are  grown.  In  any  event,  it  will,  if  paid  for,  always  furnish  a  home 
and  an  opportunity  of  earning  a  living.  Therefore  men  part  with 
farm  lands  reluctantly. 

Rather  than  sell  the  farm  or  attempt  to  run  it  at  long  range  witli 
hired  help,  some  method  of  renting  it  is  tried.  The  owner  comes  to 
believe  that  results  will  be  better  and  that  he  will  get  larger  returns 
if  he  puts  the  farm  in  the  hands  of  a  tenant  who  has  a  more  direct 
interest  in  its  output  than  a  hired  man.  In  this  direction  also  disap- 
pointments are  frequent. 

Disappointments  in  tenant  farming  arise  because  of  (1)  the  too 
frequent  lack  of  an  equitable  adjustment  of  the  returns  of  the  farm 
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between  owner  and  tenant;  (2)  the  lack  of  well-laid  plans  for  keep- 
ing up  the  yields  and  the  productiveness  of  the  farm  through  the 
years;  and  (3)  short-term  leases,  which  keep  the  tenant  in  an  un- 
settled frame  of  mind  as  to  the  permanency  of  his  tenure  and  lead  him 
to  endeavor  to  get  as  much  out  of  the  land  each  year  as  possible,  w^ith 
little  or  no  attempt  at  soil  improvement  or  wise  farm  management, 
thus  contributing  to  the  deterioration  of  the  farm. 

WHY  TEl^ANT  FARMS  DETERIORATE. 

In  tenant  farming  there  are  two  main  reasons  wdiy  farms  usually 
deteriorate:  (1)  The  owner  desires  as  large  a  share  as  possible  of 
the  profits  of  the  farm  and  frequently  hesitates  to  put  any  large 
portion  of  the  profits  back  on  the  farm  in  the  Avay  of  permanent 
improvements  or  in  keeping  up  the  place,  and  (2)  the  tenant  regards 
the  farm  primarily  as  a  means  of  acquiring  enough  money  to  buy  one 
of  his  own,  and  conducts  the  rented  farm  along  the  line  of  the  great- 
est immediate  financial  returns  to  himself.  It  is  the  farm  that  suffers 
in  each  case.  The  generally  decreasing  returns  soon  bring  discon- 
tent both  to  owner  and  tenant,  and  frequent  changes  of  tenant  follow. 

A  proper  and  equitable  adjustment  between  owner  and  tenant  is 
not  easily  made,  but  is  the  end  to  be  sought.  It  would  insure  more 
permanent  tenancy.  It  would  relieve  the  owner  of  the  duties  of 
management  and  the  tenant  of  the  burden  of  acquiring  large  capital 
before  he  goes  into  business  for  himself. 

ADVANTAGES  AND  DISADVANTAGES  OF  TENANT  FARMING. 

Speaking  generally,  tenant  farming  is  not  a  type  to  be  encouraged 
in  America.  Small  farms  tilled  b}^  their  owners  are  regarded  as 
the  ideal,  because  such  farms  tend  to  build  up  a  conservative,  home- 
loving  people.  Nevertheless,  tenant  farming  is  here.  It  is  a  fact. 
There  is,  besides,  a  place  for  tenant  farming  in  American  agricul- 
ture. Cheap,  fertile  farms  are  largely  a  matter  of  the  past.  The 
homesteads  of  the  AVest  are  practically  gone.  If  a  young  man  de- 
sires to  go  into  farming  in  these  days,  he  requires  considerable  caj)ital. 
It  takes  a  long  time,  working  out  by  the  day  or  month,  to  acquire 
that  capital,  and  good  land  is  expensive.  If  he  wishes  to  buy  a  farm, 
it  usually  takes  all  the  money  and  credit  at  his  command  to  buy  the 
land  alone. 

The  acquisition  of  the  land  is  only  the  beginning  of  the  struggle. 
Investigations  have  shown  that  in  farming  only  about  half  the  capi- 
tal required  is  invested  in  the  land.  The  remainder  is  invested  in 
buildings,  fences,  farm  machinery,  tools,  and  live  stock,  sufficient 
cash  being  kept  on  hand  for  running  expenses.  Many  a  man  buying 
a  farm  will  put  all  his  money  into  the  land  and  then  struggle  the 
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ii  ii....i.,,w  *,i  ;ii.^  lil'o  wilh  iiKsulHcieiit  working  capii....  ii>,,.^  ..-  ,,MAt 
expenses  and  make  the  farm  earn  its  equipment.  A  mere  existence 
rathrr  than  a  living  is  too  often  the  result. 

Should  the  same  man  let  some  one  else  furnish  the  farm  and  put 
his  own  money  into  the  working  and  proper  handling  of  it  he  would 
require  much  less  capital.  He  would  he  relieviM]  of  a  large  hurden  of 
debt,  and  with  adequate  equipment  and  cash  on  hand  the  farm  v^nl.] 
be  run  far  more  eiTiciently  and.  generally,  to  his  greater  profit 

There  is  a  phice,  then,  in  our  present  agricultural  system  for  tenant 
farming.  A  man  who  has  acquired  some  money,  as  a  laborer  or 
otherwise,  who  desires  to  be  independent  but  who  has  not  sufficient 
money  or  credit  to  bu}-  and  efliciently  equip  a  complete  farm,  may  let 
some  one  else  furnish  the  farm  while  he  furnishes  the  labor  and  part 
or  all  of  the  equipment  and  other  working  capital.  Whether  the 
results  of  such  an  arrangement  arc  mutually  satisfactory  depends 

upon    PeV<M:il     r.'icfnr-.     wliir-l)     ]]]',\V    he    |irf  iflf  .')l»l  V    rni!>-.i(1('r<'(l     iiinr».     i?i 

detail. 

FUNDAMENTAL    PRINCIPLES    OF    TENANT    FARMING. 

It  is  difficult  enough  to  make  a  farm  pay  even  when  the  owner 
runs  it  himself  and  receives  all  the  profits.  As  commonly  handled, 
it  is  increasingly  difficult  to  make  the  farm  pay  when  run  by  a  tenant 
who  has  little  or  no  financial  interest  in  it  and  when  the  profits  are 
divided.  The  owner  may  make  the  farm  pay  through  long  hours 
of  hard  work,  by  saving,  by  careful  regard  for  his  stock,  and  by  the 
distribution  of  crops  and  manure  so  as  to  keep  up  the  productiveness 
of  all  the  farm.  He  seeks  to  keep  up  the  place  so  that  the  farm  will 
present  a  good  appearance  and  increase  in  value.  AVith  a  tenant 
who  has  only  an  immediate  interest  in  the  farm,  some  more  definite 
plan  must  be  adopted  if  the  farm  is  to  pay  both  owner  and  tenant. 

Some  of  the  guiding  principles  essential  to  success  in  tenant  farm- 
ing follow : 

1.  A  cropping  and  fertilizing  system  which  will  return  satisfactory 
yields  of  each  crop  yearly  and  still  maintain  permanently  the  pro- 
ductiveness of  the  farm  throughout  future  years  must  be  provided. 
The  owmer  should  make  the  plan. 

2.  Terms  of  agreement  as  to  rental  must  Ijc  fair  to  boiii  owner 
and  tenant.  If  advantage  is  taken  by  either  owner  or  tenant  of  a 
lack  of  knowledge  in  the  other  of  what  is  a  fair  adjustment  of  the 
returns  from  the  farm,  the  results  are  bound  to  be  unsatisfactory  and 
the  relationship  brief. 

3.  The  terms  of  the  lease  should  be  such  as  to  lead  to  permanent 
tenancy       V   ^r-    -^  m  not  and  will  not  do  his  best  by  the  farm  if 
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he  is  to  remain  on  it  for  only  a  short  period.  As  a  tenant  he  must 
be  made  to  feel  that  his  position  is  permanent  just  as  long  as  he  does 
the  square  thing  by  the  farm  and  the  owner. 

^Yl\ile  it  is  easy  to  say  that  tenant  farming  should  be  wisely  planned 
with  reference  to  large  yields  of  paying  crops  and  permanent  main- 
tenance of  the  fertility  of  the  soil,  it  is  not  so  easy  to  make  that 
plan.  American  farmers  have  not  long  been  thinking  about  perma- 
nently productive  farms.  In  the  past  it  has  been  simpler  to  abandon 
the  old  fields  when  they  failed  to  produce  satisfactory  crops  and 
clear  new  land,  or  perhaps  to  move  farther  West  and  buy  a  new 
farm.  The  time  has  come  when  it  will  be  necessary  to  keep  pro- 
duct iA^e  the  fields  now  farmed.  Cheap  new  lands  are  practically  a 
thing  of  the  past,  and  more  and  more  must  attention  be  given  to 
kinds  of  farming  that  are  permanent  rather  than  exploitive,  that 
will  yield  as  well  for  the  son  as  for  the  father. 

AN  EXAMPLE  OF  TENANT  FARMING. 
THE   ESTATE    AND    THE    SYSTEM. 

In  the  older  sections  of  the  eastern  United  States  the  necessity  for 
considering  permanent  types  of  farming  has  long  been  felt  and 
much  effort  has  been  made  to  meet  the  need.  A  very  good  example 
of  success  in  solving  this  problem  along  general  farming  lines  is 
that  of  a  large  estate  in  eastern  Maryland.  This  estate  is  the  more 
interesting  because  it  represents  a  system  embracing  56  tenant  farms 
under  one  ownership  that  has  been  in  successful  operation  for  more 
than  30  years.  During  this  period  yields  of  wheat  and  corn,  which 
are  the  principal  crops  grown,  have  been  maintained  and  in  some 
cases  increased.  A  large  number  of  tenants  have  been  on  the  estate 
for  more  than  20  years;  several  have  been  there  for  more  than  30 
years,  and  their  sons  have  succeeded  them. 

These  facts  show  clearly  that  the  relationship  between  owner  and 
tenant  has  been  satisfactory.  This  is  further  brought  out  from  the 
standpoint  of  the  tenant  by  the  fact  that  many  tenants  have  made 
enough  money  by  farming  on  the  estate  to  buy  farn^  of  their  own. 
In  several  instances,  however,  they  are  so  well  satisfied  that  they 
continue  as  tenants  and  rent  their  own  farms  to  some  one  else. 

On  the  other  hand,  the  estate  itself  is  fairly  well  satisfied.  It  has 
been  able  to  keep  up  the  productiveness  of  the  different  farms  until 
many  of  them  yield  better  than  wdien  bought.  Attractive  dwellings 
and  substantial  barns  have  been  maintained  on  every  farm,  and  all  the 
fields  are  well  fenced  with  board,  hedge,  or  wire.  Many  fields  have 
been  enlarged  by  clearing  waste  places  and  made  more  productive 
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by  miderdrainii 
in  appoaraiico. 

The  returns  ivom  the  i'liini  havo  paitl  for  all  tiiCM'  iini*r<)veinentj>, 
have  paid  all  taxes,  and  ai'c  now  bringing  in  to  the  estate  more  than 
5  per  cent  interest  on  the  total  investment.  Some  of  the  farms  have 
nearly  trebled  in  value  in  the  last  30  years.  These  returns  to  both 
tenant  and  owner  are  unusual.  It  is  seldom  that  so  large  an  estate 
is  handled  so  satisfactorily,  and  a  closer  study  of  the  system  followed 
may  prove  profitable. 

In  detail,  the  estate  consists  of  15,G30  acres,  or  about  24  square 
miles  of  land,  subdivided  into  5G  farms  varying  in  size  from  08  to 
more  than  1.000  acres,  an  average  of  about  271)  acres  per  farm.  These 
farms  are  scattered  over  a  radius  of  about  12  miles  from  the  central 
oflice.  Considerable  areas  of  waste  land  are  found  on  some  of  them, 
so  that  on  the  average  only  about  72  per  cent  of  the  land  is  in  actual 
cultivation.  The  price  of  cultivated  land  aw^ay  from  the  influence 
of  towns  varies  from  $40  to  $05  per  acre,  and  these  farms  will  prob- 
ably show  a  like  variation  in  value.  The  soil  of  most  of  the  farms 
varies  from  a  sandy  loam  to  a  clay  loam,  is  comparatively  free  from 
stones,  and  is  generally  well  adapted  to  wheat  culture.  The  land  is 
sufficiently  level  for  the  operation  of  labor-saving  machinery. 

One  of  the  interesting  facts  relative  to  these  fanns  and  their 
organization  into  a  profitable  system  of  farming  is  that  they  were 
accumulated  one  at  a  time  and  organized  by  a  merchant  who  had 
no  special  knowledge  of  agriculture,  yet  he  formulated  and  j^ut  into 
practice  over  30  years  ago  a  system  which  has  maintained  yields  and 
given  satisfactory  profits  to  both  owner  and  tenants  up  to  the  pres- 
ent time.  Til'.'  latter  is  rei/nrded  as  ilie  most  iuiportniti  f:iri  in  litis 
bulletin 

At  tlie  time  of  the  owner's  deatli,  i:)  years  ago,  the  system  of 
farming  which  he  put  in  operation  had  become  so  well  established 
that  with  practically  no  change  since  then  the  yields  of  the  farms 
have  been  maintained,  a  considerable  indebtedness  has  been  paid,  the 
buildings  and  fences  have  been  kept  in  a  good  state  of  repair,  and 
a  net  income  from  the  farms  averaging  a  little  more  than  5  jjer 
cent  has  been  paid  to  the  estate. 

THE    CROPPING    SYSTEM    FOLLOWED. 

The  fonr-field  system. — One  of  the  fundamental  reasons  for  the  suc- 
cess attained  on  these  farms  is  found  in  the  cropping  systems  adopted. 
At  the  outset  there  were  two  of  these  systems,  a  four-field  system  and 
a  five-field  system. 

In  the  four-field  ^y.^ieiu  all  liie  euliivaled  laiio  i-  (ii\  kkmI  as  nearly 
as  may  be  into  four  fields  of  equal  size  and  a  rotation  followed 
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of  (1)  corn,  (2)  wheat,  (3)  cloA'er  and  grass,  and  (4)  Avheat.  The 
second  crop  of  wheat  in  the  rotation  is  sown  to  clover,  which  is 
plowed  down  the  following  spring  for  corn.  The  fifth  year  corn 
follows  wheat  and  the  rotation  is  repeated.  This  system  gives  three- 
fourths  of  the  farm  to  grain  each  year  (half  wheat  and  a  fourth 
corn),  while  the  remaining  fourth  is  in  clover  and  grass  for  hay 
or  pasture.  Oats  are  sown  in  the  spring  in  the  strips  occupied  by 
the  corn  shocks  the  preceding  fall. 

In  this  system  the  w^heat  is  fertilized  with  a  commercial  fertilizer 
of  high-grade  materials,  analyzing  about  2  per  cent  of  nitrogen, 
8  or  9  per  cent  of  phosphoric  acid,  and  2  per  cent  of  potash,  at 
the  rate  of  300  pounds  to  the  acre.  The  barnyard  manure  made 
on  the  place  is  put  on  the  corn  crop.  While  this  system  has  appar- 
ently maintained  the  productiveness  of  the  soil,  it  has  proved  not 
nearly  so  popular  with  tenants  as  the  five-field  system.  Many  of 
the  tenants  who  at  first  adopted  the  four-field  have  changed  to  the 
five-field  sA'Stem,  so  that  at  present  there  are  scarcely  half  a  dozen 
tenants  in  the  whole  estate  who  are  following  the  four-field  system. 

The  detailed  farm  practice  in  the  four-field  system  is  about  as  fol- 
lows :  The  corn  is  cut  up  and  the  stover  fed  to  sheep,  cattle,  and  horses. 
The  corn  stubble  is  plow^ed  and  the  field  seeded  to  wheat  and  timothy 
in  the  fall  and  clover  in  the  spring.  This  seeding  of  grass  and  clover 
stands  over  a  year  and  is  pastured,  and  possibly  some  of  it  is  fenced 
off  temporarily  and  cut  for  hay.  The  sod  is  then  plowed  for  fall 
seeding  in  wheat,  which  is  again  seeded  with  timothy,  follow^ed  by  an 
application  of  clover  seed  in  the  spring. 

This  seeding  of  timothy  and  clover  is  used  for  pasture  after  the 
wheat  is  taken  off  until  the  following  spring,  when  it  is  plowed  again 
for  corn,  thus  completing  the  rotation.  All  cornstalks  and  all  wheat 
straw  are  run  through  the  "  pound,"  or  barnyard,  as  fast  as  they  can 
be  utilized  by  the  stock  and  the  manure  is  put  on  the  land  for  corn. 

The  five-field  system. — The  five-field  cropping  system  is  very  popu- 
lar with  tenants  and  is  well  worth  studying  in  detail.  Fifty  of  the 
farms  on  the  estate  are  following  this  system.  The  rotation  in  the 
five-field  system  is  as  follows:  (1)  Corn,  (2)  wheat  seeded  to  clover, 
(3)  clover  for  hay  or  pasture,  (4)  wheat,  and  (5)  clover  for  hay  or 
pasture.  This  pasture  is  again  followed  by  corn  and  the  rotation 
repeated.  As  in  the  four-field  system,  300  pounds  of  fertilizer, 
analyzing  2  per  cent  of  nitrogen,  8  or  9  per  cent  of  phosphoric  acid, 
and  2  per  cent  of  potash,  are  used  per  acre  on  the  wheat  crop,  and  the 
barnyard  manure  is  put  on  the  clover  sod  and  plowed  under  for 
corn.  In  the  handling  of  the  corn  crop  the  stalks  are  cut  and 
shocked  in  the  field  in  long,  compact  rows  in  time  for  wheat  seeding. 
The  following  spring  the  land  occupied  by  the  corn  shocks,  about 
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and  seedeil  down. 

It  will  be  noted  that  the  five-lield  system  dilfers  from  the  four-Held 
system  in  having  an  additional  field  of  clover  for  either  hay  or 
pasture.  This  is  one  of  the  reasons  why  the  five-field  system  is  so 
popular  with  tenants,  since  it  gives  them  more  hay  and  pasture  for 
their  stock.  While  the  total  acreage  of  grain  grown  on  the  farm 
under  the  five-field  system  is  a  little  less  than  it  would  be  under  the 
four-field  system  on  a  farm  of  like  size,  the  estate  believes  that  this 
extra  clover  crop  sufficiently  increases  the  yield  on  the  smaller  acreage 
planted  to  more  than  counterbalance  any  additional  yield  that  might 
be  secured  with  the  larger  grain  acreage  under  the  four- field  system.' 

Six»cial  attention  is  called  to  the  fact  that  in  this  system  clover  is 
sown  with  each  wheat  crop  and  that  it  remains  but  one  year  for  either 
hay  or  pasture  before  being  plowed  under.  In  this  way  the  niaxi-^ 
mum  benefit  of  the  clover  crop  as  a  nitrogen  fertilizer  for  the  soil  is 
obtained. 

The  usual  wav^  of  running  a  five-year  rotation  in  many  sections  of 
the  country  is  as  follow^s:.(l)  Corn;  (2)  oats  or  Avheat;  (3)  wheat; 
(4)  hay;  and  (5)  hay  or  pasture.  In  this  system  clover  is  sown  but 
once  in  the  rotation,  and  the  second  year  there  is  usually  but  little 
left  for  fertilizing  purposes. 

TERMS    OF    KENTAL. 

The  system  of  rental  which  has  proved  so  satisfactory  to  both 
tenant  and  owner,  and  wliicli  is  followcvl  on  nil  flic  f;irin^.  i^  nbonf 
as  follows : 

The  agreement  is  drawn  up  for  one  j'oar.  If  the  contract  proves 
mutually  satisfactory  it  is  continued  in  force  during  succeeding  j'ears 
without  further  attention.  The  owner  furnishes  the  farm  and  build- 
ings; furnishes  paint  for  painting  and  lime  for  whitewashing  build- 
ings and  fences;  pays  for  all  permanent  improvements,  sucli  as  the 
clearing  of  new  lands  or  the  tile  draining  of  old  lands;  furnishes 
material  for  fencing:  furnishes  half  of  the  fertilizer  and  half  the 
seed  wheat,  seed  oats,  and  seed  corn,  and  pays  the  taxos  on  the  real 
estate. 

The  tenant  furnishes  all  luui^  and  labor  for  woilviii-  im-  pi.uc 
and  all  stock  kept  on  the  place.  He  also  furnishes  half  of  the  fer- 
tilizer and  half  of  the  seed  wheat,  seed  corn,  and  seed  oats;  furnishes 
all  the  clover  and  grass  seed  used,  which  by  the  terms  of  agreement 
is  8  pounds  of  pure  clover  seed  per  acre  (though  1  to  2  quarts  of 
timothy  seed  may  be  added)  ;  hauls  material  and  builds  fences  free 
of  expense  to  the  estate,  and  applies  the  whitewash  and  paint  fur- 
nished by  the  estate. 

7'.).535°— lUil.  -137— 1 1 2 


10  A   SYSTEM    OF    TENANT   FARMING   AND    ITS   RESULTS. 

While  the  owner  supplies  all  the  buildings  necessary  for  a  general 
farm,  he  does  not  provide  buildings  which  would  be  of  use  primarily 
for  the  tenant.  Thus,  if  the  tenant  wanted  to  engage  especially  in 
dairying,  the  owner  would  derive  no  direct  financial  benefit  from  the 
industry  and  hence  the  tenant  Avould  have  to  put  up,  out  of  his  own 
resources,  such  extra  buildings  as  he  might  need. 

In  the  division  of  returns  the  owner  gets  half  of  all  the  wheat, 
oats,  and  corn  grown  on  the  place,  delivered  free  by  the  tenant  at  the 
elevator  or  nearest  market.  The  tenant  gets  the  remaining  half  of 
the  oats,  wheat,  and  corn,  and  in  addition  he  has  all  of  the  hay  and 
l^asture,  all  the  cornstalks,  and  all  the  straw  for  his  stock.  In  case, 
however,  any  hay,  straw^,  or  stover  is  sold  off  the  place  the  owner 
gets  half  the  proceeds.  In  addition  to  this,  the  tenant  is  permitted 
to  pasture  a  small  flock  of  sheep  on  the  w^ieat  fields  when  the  ground, 
is  frozen,  from  December  to  the  last  of  March.  This  is  of  no 
advantage  to  the  owner,  but  is  of  distinct  advantage  to  the  tenant. 

It  is  a  wise  landowner  who  looks  beyond  a  particular  year  to  the 
future  welfare  and  productiveness  of  the  farm  and  makes  terms  with 
the  tenant  which  tend  to  return  to  the  soil  each  year  a  reasonable 
proportion  of  the  plant  food  and  humus  removed  and  at  the  same 
time  allows  the  tenant  as  large  a  measure  of  independence  as  possi- 
ble. The  simple  provision  requiring  the  tenant  to  pay  the  landlord 
half  of  all  the  money  received  for  roiaghage  sold  off  the  farm,  but 
requiring  nothing  if  the  roughage  is  fed  to  stock  or  left  on  the 
place,  leaves  the  matter  open  to  the  discretion  o£.  the  tenant,  but 
inevitably  tends,  nevertheless,  to  the  maintenance  of  a  large  number 
of  stock  on  the  place  and  the  consequent  production  of  a  large 
supply  of  manure  for  the  continued  renewal  of  the  productiveness 
of  the  soil. 

It  is  now  seen  why  the  five-field  system  is  a  little  more  in  favor 
Avith  the  tenant  than  the  four-field  system,  since  it  gives  him  more 
pasture  and  hay,  all  of  which  he  may  have  for  feeding  to  stock.  In 
this  the  tenant  gets  both  the  food  value  and  the  manurial  value  of 
the  forage  grown,  while  the  owner  gets  only  half  of  the  increased 
grain  yields  obtained  as  a  result  of  applying  the  manure  produced 
by  feeding  this  roughage  on  the  place. 

LIVE-STOCK    MANAGEMENT. 

In  a  system  of  farming  such  as  is  practiced  on  these  farms,  where 
the  tenants  are  generally  free  to  follow  their  own  course  in  all  mat- 
ters except  as  to  the  cropping  system,  there  is  bound  to  be  a  wide 
variation  in  the  management  of  live  stock.  Some  of  the  tenants  are 
inclined  toward  dairying,  others  toward  the  keeping  of  beef  cattle, 
some  toward  the  maintenance  of  as  much  stock  as  possible,  even  to  the 
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stock  as  they  think  will  ocononuciilly  consume  the  roughage  raised. 

()n  one  of  the  farms,  consisting  of  about  275  acres,  which  seemed 
to  be  typical  of  the  average,  there  were  kept  about  0  head  of  work 
stock,  12  milk  cows  and  their  calves,  50  sheep,  and  100  hens.  While 
it  is  generally  conceded  that  hogj;  would  be  a  good  paying  investment 
if  they  could  be  kept  free  from  tnclera,  very  few  were  found  on  any 
of  these  farms,  owing  to  the  previvi^bcc  of  this  disease  in  that  section 
of  the  country.  Scarcely  enough  hogs  are  irai'sed  to  supply  the  farm 
with  meat.  ,  /  .•, 

The  work  horses  and  mules  are  kept  up  a^d  fed  p;?.actically  the  year 
round.  They  are  fed  principally  corn,  corxi  stover,  end  hay.  The 
cows  are  allowed  to  run  on  clover  pasture  from  aboiit  May  1  to 
October  1  and  are  not  fed  unless  pasture  btcoivies  very  short  in 
August  and  September,  in  which  case  they  may  t>e.,fe*d  green  fodder. 
From  October  1  to  December  15  they  run  on  pasture,  but  are  fed 
fodder  and  corn,  and  from  December  15  to  May  1  they  are  kept  in 
the  barn  and  barnyard  and  fed  corn  stover,  wheat  straw,  corn,  and 
possibly  some  ground  grain  other  than  corn. 

The  grade  sheep  are  pastured  on  the  green,  growing  wheat  in  suit- 
able weather  from  December  to  March,  when  they  are  turned  into 
the  clover  field  to  stay  until  October  1  or  November  1,  after  which 
date  they  arc  kept  in  the  barn  and  barnyard  and  fed  principally 
straw,  stover,  and  corn.  The  ewes  are  bred  to  lamb  in  January  and 
February.  The  lambs  run  with  the  ewes  until  some  time  in  May  or 
June,  when  they  are  sold  at  weights  of  40  to  50  pounds  each  at  a 
price  averaging  about  $5.50. 

Under  the  system  of  management  described,  liiis  ^tock  consumes 
about  all  the  grain  and  forage  of  the  farm  available  for  the  use  of 
the  tenant.  A  greater  number,  of  stock  would  make  the  purchase  of 
feed  necessary  and  a  smaller  number  would  leave  a  surplus  of  forage 
to  be  sold. 

RETURNS    TO    TENANT    AND    OWNER. 

The  tenants  on  the  farms  of  this  estate  are  apparently  as  pros- 
perous as  the  average  farmer  of  the  country  wlio  owns  his  farm. 
They  live  in  commodious,  substantial,  and  well-furnished  houses, 
with  well-kept  and  neat-appearing  surroundings.  They  give  their 
children  up-to-date  educational  advantages.  They  apparently  have 
plenty  of  leisure  and  carr}^  on  their  farm  work  largely  by  means 
of  hired  labor..  As  an  illustration  of  their  prosperity,  one  of  them 
on  a  farm  with  250  acres  in  cultivation,  employing  3  men  10  months 
in  the  year  imd  kccplrig  10  woi'lv  Imr^r"-    v^t:if»'(l  i]i:if  dnriinr  tlx'  last 
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11  3'Gars  as  a  tenant  he  had  out  of  his  profits  bought  and  paid  for  a 
farm  costing  $7,200  and  had  laid  up  about  $600  besides.  Meantime 
he  has  lived  well,  is  educating  his  children  in  the  city  schools,  and  has 
done  considerable  traveling  over  the  country.  Another  tenant  on  a 
farm  of  about  the  same  size  stated  that  his  income  from  the  sales 
of  stock  he  was  able  to  keepy  by  means  of  his  pasture  and  roughage, 
was  sufficient  to  pay  the  ruiining  expenses  of  the  farm. 

Relative  to  the  owner's  income  per  acre,  it  may  be  calculated  that  an 
acre  of  land  in  the  five  years  of  the  rotation  will  return  to  him  as  his 
share  16 J  bushels  ©f  wheat, -it |"bushels  of  corn,  and  3  bushels  of  oats. 
Valuing  the  corn  at  50  cents  a  bushel,  wheat  at  $1,  and  oats  at  40  cents, 
the  total  income'-io  ther-o^i^ner  from  1  acre  of  land  in  the  five-year 
rotation  is  $26,45.     '-^ 

The  total  expense  af  the  owner  on  1  acre  of  land  for  the  five  years 
of  the  rotation  is  ►about  as  follows: 

Oivner's  expense  per  acre  for  a  five-year  rotation. 

600  pounds  of  fertilizer  on  2  wheat  crops  (owner's  half) $3.00 

Taxes  at  1  per  cent  on  land  valued  at  $50  per  acre   (five 

years) 2.  50 

Seed  wheat,  3  bushels  at  $1  (owner's  half) 1.50 

Seed  corn,  one-fourth  bushel  at  $1   (owner's  half) .13 

Seed  oats,  one-half  bushel  at  50  cents  (owner's  half) .12 

Incidentals  for  repairs,  painting,  whitewashing,  etc .  50 

Total  expense  on  1  acre  for  five  years 7.  75 

Deducting  the  total  expense,  $7.75,  from  the  total  income,  $26.45, 
leaA'es  $18.70  as  the  net  income  to  the  owner  from  1  acre  of  cultivated 
land  for  one  round  of  the  rotation  of  five  years. 

The  income  for  1  acre  of  cultivated  land  therefore  for  one  year 
would  be  a  fifth  of  $18.70,  or  $3.74.  However,  only  about  72  per 
cent  of  each  farm  is  in  cultivation.  The  income  per  acre  for  the 
whole  farm  will  therefore  average  72  per  cent  of  $3.74,  or  $2.69  per 
acre.  With  land  worth  $50  an  acre  this  would  give  an  average 
yearly  income  equivalent  to  about  5.4  per  cent  on  the  investment. 

In  addition  to  these  current  receipts  of  5.4  per  cent  per  annum  on 
the  present  value  of  the  farms  of  the  estate,  it  Is  believed  that  at  least 
an  additional  3  or  4  per  cent  per  annum  on  the  original  investment 
has  accrued  to  the  estate  by  virtue  of  the  increased  value  of  land, 
thus  bringing  the  total  income  of  the  landowners  up  to  approximately 
8  or  9  per  cent  per  annum, 

YIELDS    OF    CORN    AND    WHEAT    ON    THE    ESTATE. 

That  the  yields  of  both  corn  and  wheat  have  been  practically 
maintained  and  the  productiveness  of  the  farms  kept  uj)  under  this 
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tabu's,  in  whirh  tlie  yields  from  2i  of  tlu*  farms  for  which  (hita  were 
available,  covering  a  jKiriod  of  *20  years,  are  recorded. 

Tablb  L — Yields  of  corn  per  acre  on  the  estate  for  20  years. 


Numl)erof  fami. 


Aroacnii 
vated. 


Acres. 
245 
425 
300 
280 
195 
272 
175 
205 
150 
250 
229 
250 
555 
220 
175 
434 
291 
250 
307 
195 
190 


Total 

Average  annual  yield  per  acre. 


5,659  I 


''  rom  by  b-ymr  perlofl- 


Bushels. 
7.0('5 

la.cao 

17,8(K) 
8,110 
5,970 

9,f>:i5 

(i,010 

5,105 

4,055 

'  5,()25 

>  5.<i25 

8,435 

17,735 

7,055 

0,530 

22,100 

12,273 

8,185 

10,080 

3,895 

4,605 


189,465 
33.5 


liushds. 

8,290 
13,«>00 
14,995 
10,410 

8,255 
12,415 

5,080 
11,190 

5.145 

6,450 
10,280 

9,615 
18,570 
10,490 

8,305 
22,100 
13,455 
10,040 
10,8(:5 

5,010 

5,000 


1900-1904. 


Buthtla. 
0,585 
ll,(i80 
13,5(K) 
10,055 
7,355 
8,795 
4,805 
8,450 
4,440 
5,000 
0,555 
8,055 
16,<155 
7,840 
6,405 
19,  Sa") 
13,340 
7,145 
8,845 
4,945 
4,450 


1905-1909. 


Btuhflt. 
6,23S 
11,305 
13,975 
11,885 
8,230 
11,530 
6,575 
7,525 
4,635 
5,925 
0,895 
8,060 
18.000 
8,375 
7,416 
18,380 
12,210 
6,815 
7,675 
5,045 
4,415 


221,. 360 
39.0 


18(i,445  I 
32.9 


190.090 
33.7 


'  Estimated  from  yields  given  for  three  years  in  the  5-year  period. 


In  the  following  discussion  it  will  be  assumed  that  the  average  of 
the  21  farms  reprcr-ents  the  average  of  the  50  farms  of  the  estate. 
The  table  shows  averages  of  33J  bushels  of  corn  per  acre  for  the  first 
five-year  period,  1800  to  1894,  33xV  bushels  for  the  last  five-year 
period,  1905  to  1900,  and  about  35  bushels  for  the  whole  20  yea  re. 
These  yields  are  not  large,  but  they  were  obtained  on  farms  where 
the  area  under  cultivation  was  about  270  acres  per  farm.  It  is  com- 
paratively easy  to  get  large  yields  on  a  few  acres,  but  more  difficult 
as  the  farm  increases  in  size.  AVhile  the  ireneral  averajre,  35  bushels, 
seems  very  modest,  it  ife  greater  than  the  average  of  the  State  of  Mary- 
land for  the  past  20  years  by  7  bushels,  greater  than  the  average  for 
the  whole  United  States  for  the  past  10  years  by  9  bushels,  and  it 
is  also  better  than  the  average  corn  yields  of  the  State  of  Iowa  for 
the  past  20  yeai*s,  and  Iowa  is  one  of  the  best  corn  States  of  the 
Union,  with  a  large  area  of  almost  virgin  soil,  while  many  of  these 
Maryland  soils  have  been  farmed  for  more  than  150  years.  The 
table  further  shows  that  the  yields  of  corn  on  these  farms  to-day  are 
practically  as  good,  after  20  years  of  cropping,  as  in  1890. 
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The  3delcls  of  wheat  on  the  same  farms,  in  five-year  periods,  are 
shown  in  the  following  table : 


Table  II. — Yields  of  tvhcat  per  acre  on  the  estate  for  20  years.^ 


Number  of  farm. 

Area  culti- 
vated. 

Total  yield  of  wheat  by  5-year  periods. 

1890-1894. 

1895-1899. 

1900-1904. 

1905-1909. 

Acres. 
245 
425 
360 
286 
195 
272 
175 
205 
150 
250 
229 
250 
555 
220 
175 
434 
291 
250 
307 
195 
190 

Bushels. 
8,348 

13,918 

16,  774 
8,074 
6,500 
9,415 
5,420 
7,048 
5,911 

2  7,833 
5,505 
7,585 

14,878 
7,501 
6,605 

18, 659 

12, 567 
9,077 

10,740 
5,397 
3,455 

Bushels. 
7,316 

17, 061 

14,  492 
8,  658 
7,001 

10, 301 
5,406 
6,596 
5,774 
7,800 
8,818 
9,831 

16,001 
8,158 
6,  518 

19,175 

14, 270 
8,036 

12,616 
6, 079 
5,077 

Bushels. 
8,109 

13,055 

13,010 
8,333 
7,368 

10, 800 
4,776 
6,578 
5,126 
7,600 
8,162 
7,960 

17,440 
7,810 
7,800 

18, 387 

12,494 
8,878 

10,  315 
5,626 
4,660 

Bushels. 
7,337 

o 

12,  623 

3 

11,250 

4 

10, 315 
7,119 

5 

6 

9,790 

7 

4,872 

8 

6,033 

g 

10 

11                    

4,911 
7,360 
7,793 

12 

8,559 

13 

17,014 

14 

7,777 

15 

5,625 

IG 

17,385 

17 

11,433 

18 

8,287 

19 

9, 161 

20 

5,781 

21 

5,312 

Total 

5,659 

191,270  1        204,984 
16  9  1              IS  1 

194,287  i          186,437 

Average  annual  vield  per  acre^ 

17.2                   16  .'i 

1  About  one  twenty-fourth  of  the  wheat  fields  was  in  oats.    Had  all  the  land  been  in  wheat  the  yield 
would  have  been  increased  about  three-fourths  bushel  per  acre. 

2  Estimated  from  yield  given  for  three  years  in  the  5-year  period. 

3  Two  crops  of  wheat  were  raised  in  each  5-year  period. 

Table  II  shows  an  average  yield  of  16-^jj  bushels  of  wheat  for  the 
first  five-year  period,  1890  to  1894:,  and  of  16J  bushels  for  the  last 
five-year  period,  1905  to  1909,  w^hich  results  are  practically  identical. 
The  two  years,  1908  and  1909,  were  both  very  poor  years  for  wheat 
on  the  estate,  the  yields  being  about  30  per  cent  less  than  normal. 
Thus,  the  average  yield  for  the  first  three  years  of  the  last  five-year 
period  is  18^,  while  the  average  yield  for  the  last  tw^o  years  is  but 
13J  bushels.  Had  the  last  two  years  been  normal  years,  the  average 
for  this  wdiole  period  would  have  been  as  good  as  the  best  of  the  five- 
year  periods  under  discussion. 

How^ever,  there  is  a  suggestion  in  the  decreasing  returns  of  the  past 
three  five-year  periods  as  shown  in  the  table,  viz,  18j\,,  ITJ,  and  IGJ 
bushels,  respectively,  w^hich  may  indicate  that  possibly  the  yields 
are  actually  decreasing  and  that  the  system  of  fanning  followed 
needs  to  be  modified  to  meet  this  condition.  This  point  will  be  con- 
sidered again  in  the  discussion  of  the  fertilizer  constituents  removed 
in  this  system  of  farming. 

The  average  yield  of  wheat  on  the  estate  for  the  past  20  years, 
ITJ  bushels  per  acre,  is  found  to  be  larger  than  the  average  yield  of 
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ivcrnpe  yield  in  Maryland,  and  3  bushels  fj-reater  tl»nn  the  nverncr^ 
\  ield  in  the  United  States  for  the  past  10  years. 

While  the  above  yi^'lds  of  eorn  and  wheat  aii  i.w,  ;..,;,  ^>  .,,,.  ,,i 
:iny  sense  to  be  considered  as  models,  they  point  out  the  fact  that  a 
j(X)d  system  well  followed  will  maintain  tJie  fertility  of  the  soil 
t'ven  in  tenant  fanning. 

The  foreflroin*;  21  farms  were  not  selected  from  among  either  the 
l>ost  or  the  poorest  of  the  56  farms  of  the  estate.  The  ori^nnator  of 
the  estate  died  in  1897  and  a  large  number  of  the  farms  were  bought 
in  the  later  years  of  his  life.  The  21  farms  where  yields  are  given 
ire  the  only  ones  for  which  records  are  available  for  20  years  or 
more,  and,  while  the  average  yields  for  these  fa  mis  seem  to  be  very 
moilest,  yet  they  are  greater  than  the  averages  secured  in  some  of 
ilie  best  wheat  and  corn  States. 


BELATION"    OF    THE    FARMING    SYSTEM    TO    FERTILITY. 

Observing  the  tables  presented  showing  yields  of  wheat  and  com 

I  will  be  seen  that  tbe  land  produces  almost  the  same  as  it  did  20 

veai*s  ago.    It  will  be  interesting,  therefore,  to  examine  the  situation 

IS  to  the  relative  quantities  of  plant  food  taken  from  the  land  by 

he  removal  of  crops  and  returned  to  the  land  by  the  application  of 

<  ommercial  fertilizers  and  the  return  of  manures. 

The  following  table  shows  the  yield  of  crops  and  fertilizer  con- 
stituents in  part  required  to  produce  them: 


r.VBLE    III. 


-Avvnif/c  )/uhl  oil    1   acre  of  each   crop  in   the  rotation,   with    the 
quantity  of  fertilizer  eonstituents  removed. 


Crop. 

Average  yield  per  acre. 

Total  fertiliser constltiiPiitx  ro- 
moved. 

N«"'«'"'"a°'- 

Potash. 

'    •                       ho]s.. 

Pounds.  '  Pounds. 
33               12 
25  1             10 
19  1              5 
11  ,              2 
60               17 
19  .               5 

n  !          2 

eoj         17 

Pounds. 

7 

ToUl  pliint  food  utilized  on  1  acre  in 
the  rotation 

29 

i '                    hels.. 

8 

8LraA  ,  1  tou 

6 

IJ  tons 

fi5 

Grain,  17  bushels.. 

8 

Straw,  1  ton 

6 

1 J  tons 

56 

1 

238  j             76 

The  table  shows  that  in  one  round  of  the  rotation  the  fertilizer  con- 
stituents required  to  produce  the  crops  grown  on  an  acre  are  about 
-38  pounds  of  nitrogen,  76  pounds  of  phosphoric  acid,  and  174  pounds 
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of  potash.  If  all  the  crops  were  sold  off  the  farm  this  would  indi- 
cate in  a  measure  the  rapidity  with  which  the  farm  was  being  de- 
pleted of  its  principal  plant  foods,  with  the  exception  of  nitrogen-, 
but  in  the  system  of  farming  followed  all  of  the  hay,  wheat  straw, 
clover,  and  about  one-fourth  of  the  corn  is  left  or  fed  on  the  place. 

All  the  wheat  grown  and  about  three-fourths  of  the  corn  are  sold 
off  the  place.  The  fertilizer  constituents  left  on  an  acre  in  a  five- 
year  rotation  are  therefore  about  as  shown  in  the  following  table : 


Tai'.le  iy.—A])iir<).iii}iaic  quantiiy  of  fcrHlizing  constituents  left  on  1  acre  in 

a  5-year  rotation. 


Returned  to  the  soil  per 
acre. 

Total  fertilizer  constituents 
contained. 

Rotation. 

Nitrogen, 

Phos- 
phoric 
acid. 

Potash. 

fStover,  1^  tons 

Pounds. 
25 
8 
11 
GO 
11 
60 

Pounds. 

16 
3 
2 

17 
2 

17 

Pounds. 
29 

\Grain,  9  bushels 

Wheat 

6 

Clover  hay  .        .          

li  tons             * 

55 

Wheat 

Straw,  1  ton 

6 

Clover  hay           

1 J  tons 

55 

Total       .                                                    !                    

175 

57 

153 

A  large  part  of  the  crops  shown  in  the  above  table  is  fed  to  stock 
or  used  for  bedding  in  stables,  and  in  this  way  finds  its  way,  through 
the  manure  that  is  produced,  back  to  the  fields.  In  this  process, 
however,  the  stock  take  toll  of  each  substance  for  the  building  up 
and  maintenance  of  their  own  bodies.  Besides,  nearly  half  of  the 
fertilizing  value  of  the  manure  excreted  by  animals  is  found  in  the 
liquid  portion,  much  of  which,  under  the  system  of  housing  followed 
on  this  estate,  is  made  and  lost  in  the  barnyard.  In  addition  to  this 
there  is  considerable  loss  of  manure  from  weathering.  It  is  probably 
safe  to  assume  that  at  the  most  not  over  three-fifths  of  the  fertilizing 
constituents  of  these  crops,  as  shown  in  Table  IV,  viz,  105  pounds  of 
nitrogen,  34  pounds  of  phosphoric  acid,  and  92  pounds  of  potash, 
will  be  returned  to  the  soil.  In  addition  to  the  return  of  these  quanti- 
ties of  fertilizing  constituents  to  the  soil,  it  will  be  remembered  that 
in  the  rotation  each  of  the  wheat  crops  receives  300  pounds  of  a  2-8-2 
fertilizer.  The  quantity  thus  returned  to  the  fields  in  manure  and 
in  the  fertilizer  applied  is  shown  in  the  following  table  : 
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i.  : 

1 1  III 

ill,-*  full' 

Source. 

Nitroj^n. 

Phos- 
phoric 
acid. 

Polish. 

Pounda. 
92 
12 

i.;Arnyar<l  maniirp,  stalks,  straw.etc 

Poundt. 
1U5 

12 

Pounds. 

Total  returned  to  fields 

117 
238 

82 
76 

104 

I'otul  removed  from  Helds,  as  shown  in  Table  III . . 

174 

Quantity  removed  as  compared  with  that  applle.i 

... 

+  61           -70 

The  fi<riir<?s  in  Table  V  ?how  that  more  nitrogen  and  potasli  are 
l)eing  removed  from  the  soil  than  are  apparently  applied,  while  on 
I  he  other  hand  more  phosphoric  acid  is  applied  than  is  removed,  and 
ihe  soil,  consequently,  is  growing  richer  in  this  element. 

Investigations  have  shown  that  it  is  probably  safe  to  assume  that 
(he  two  clover  crops  which  are  grown  in  the  rotation  and  in  largo  part 
pastured  on  the  place  will  not  only  suppl}'  themselves  with  nitrogen, 
but  will  enrich  the  soil  with  this  element  sufliciently  to  supply  the 
I'Jl  pounds  of  nitrogen  apparently  taken  from  the  farm  and  not 
replaced.  The  potash  supply  is  regularly  decreasing,  but  as  much  of 
tlie  soil  is  a  rather  heavy  loam  and  naturally  well  supplied  with 
})otash  this  comparatively  slow  decrease  of  14  pounds  to  the  acre  per 
year  on  this  character  of  soil  probably  need  not  be  considered  from 
ihe  standpoint  of  the  application  of  fertilizers  for  a  number  of  years, 
«  xcept  on  the  more  sandy  soils. 

Summarizing  briefly,  then,  with  reference  to  the  fertility  ui  liic 
farm,  it  is  seen  that  the  phosphorus  of  the  soil  is  being  maintained, 
that  the  humus  and  nitrogen  content  is  probably  being  maintained, 
that  the  potash  is  being  slowly  decreased,  but  that  there  is  probably 
a  sufiicient  surplus  of  the  latter  element  in  all  the  heavier  soils  to 
-upply  the  crop  demands  for  years  to  come. 

THE  VALUE  OF  SYSTEM. 

The  result  obtained  on  the  estate  under  discussion  strongly  empha- 
sizes the  value  of  a  proper  system  in  farming.  Without  system  the 
farm  as  a  whole  quite  uniformly  deteriorates.  The  comparatively 
slow  decrease  in  the  productiveness  of  many  farms,  accompanied  fre- 
({uently  by  variations  in  seasons  which  may  result  in  increased  or 
decreased  yield  independent  of  decrease  of  soil  fertility,  often  blind^ 
farmers  to  the  fact  that  their  farms  are  gradually  growing  less  pro- 
ductive. Decreased  productiveness  is  an  inevitable  result,  however, 
on  a  large  number  of  American  farms  as  now  conducted. 
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This  decrease  in  productiveness  on  many  American  farms  is  due 
in  a  large  measure  to  the  fact  that  these  farms  are  not  properly 
managed.  The  owner  frequently  fails  to  keep  records  and  does  not 
know  whether  or  not  his  s^'stem  of  farming  is  maintaining  the  yields 
of  former  periods.  This  he  should  know  if  he  is  to  run  his  farm 
intelligently.  He  should  know  at  the  outset  that  his  system  ade- 
quately provides  for  all  the  plant  food  required  for  the  production 
of  maximum  yields  of  crops  on  all  his  fields  all  the  time. 

If  the  farm  is  a  heav}^  loam  and  has  a  practically  inexhaustible 
supply  of  potash  in  the  soil,  then  his  system  of  cultivation,  rotation, 
and  manuring  should  be  such  as  to  make  this  potash  easily  available 
for  the  growing  crops.  If  the  soil  is  normally  weak  in  phosphoric 
acid  or  lime,  the  system  of  farming  should  provide  that  the  native 
supply  be  supplemented  by  outside  sources,  usually  in  the  form 
either  of  feed  for  stock  with  the  resulting  manure  returned  to  the 
soil  or  of  fertilizers  bought  for  the  purpose. 

So,  likewise,  economy  in  farming  usually  demands  that  the  rota- 
tion be  such  that  the  nitrogen  supply  of  the  soil  be  kept  up  by  the 
systematic  growing  of  legumes,  like  clover,  in  the  rotation,  though 
occasionally,  with  certain  crops,  artificial  supplies  may  be  very  profit- 
ably used. 

Above  all,  the  system  of  farming  must  provide  an  adequate  supply 
of  humus  for  the  soil  either  by  growing  green-manure  crops  to  turn 
under  or  by  applying  barnyard  manure  or  other  by-products  of  the 
farm,  like  straw,  stalks,  or  waste  roughage  of  various  kinds.  Prob- 
ably more  American  farms  give  decreased  yields  because  of  an 
insufficient  supply  of  humus  in  the  soil  than  for  an}^  other  one  reason. 

So  far  as  we  now^  know,  it  is  not  enough  simply  to  follow  a  rotation 
of  crops  on  the  farm.  That  alone  will  not  keep  up  yields  perma- 
nently. The  growing  of  clover  in  the  rotation,  though  serving  to 
keep  up  yields  for  a  considerable  period,  finally  fails,  and  can  not 
be  relied  upon  for  maintaining  a  permanently  productive  farm. 
Something  more,  in  addition  to  the  clover,  is  needed.  That  some- 
thing more  is  either  the  intelligent  use  of  commercial  fertilizers  or 
the  feeding  of  stock  with  the  crops  grown  on  the  farm,  supplemented 
by  purchased  feeds,  and  the  resulting  manure  carefully  husbanded 
and  returned  to  the  soil  with  as  little  loss  as  possible  of  plant  food. 

The  cropping  system  on  every  farm  should  be  planned  so  as  to  meet 
the  demand  for  increasing  productiveness  as  the  years  go  by.  The 
fertilizing  constituents  removed  from  the  soil  by  all  of  the  more 
comm.on  field  crops  are  well  known.  The  materials  which  may  be 
used  to  restock  the  soil  with  the  same  constituents  are  also  well  known. 
Crops  which  may  profitably  follow  each  other  in  the  rotation  have 
been  ascertained.  Satisfactory  systems  of  keeping  up  the  humus 
supply  of  the  soil  have  been  determined.     It  simply  remains  for  the 
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l\u...v.,  .i.    ...      -  i^^      iroductive  for  all  time,  to  fit  the 

rops  he  desires  to  grow,  in  the  Hglit  of  what  is  already  known  with 

ivferoiK'e   to  good    fanning  nidhods,   into  a   good   rotation  and   to 

-upplcmcnt  fix)ni  some  other  source  any  delicieney  of  plant  food  or 

lumns  in  the  soil  which  may  occur  as  a  result  of  growing  these  crops. 

POSSIBLE    IMPROVEMENT     OF    THE    SYSTEM. 

The  system  of  farming  on  the  estate  under  consideration  was  de- 
veloped hy  a  husiness  man  who  had  to  devise  methods  of  manage- 
ment that  would  seldom  require  his  presence  on  the  farm.  This 
necessarily  meant  the  same  or  a  similar  scheme  of  administration  on 
11  the  farms.  Every  farm  in  the  estate  is,  therefore,  run  on  practi- 
;dly  the  same  plan,  regardless  of  varying  soil  conditions  and  the 
adaptability  of  the  dilTerent  tenants  to  such  a  type  of  farming.  This 
was  the  easiest  and  perhaps  the  most  economical  method  of  handling 
M)  large  an  estate.  Nevertheless,  it  is  undoubtedly  true  that  could 
( :uh  farm  be  operated  with  reference  to  the  best  development  of  that 
farm  alone,  considerably  higher  yields  could  be  obtained.  Strictly 
high-grade  farming  should  make  these  farms  yield  on  an  average  at 
least  50  bushels  of  corn  and  2'>  bushels  of  wheat  to  the  acre.  A 
method  of  handling  that  would  produce  these  results,  however, 
implies  constant  supervision  by  a  thoroughly  trained  manager,  well 
vei*sed  in  both  the  science  and  practice  of  agriculture.  The  very  thin 
stands  of  clover  observed  on  some  farms  and  the  actual  results 
-ecured  on  a  few  farms  indicate  that  in  many  instances  lime  or  some 
other  soil  improver  is  needed  for  the  best  development  of  the  clover 
crop.  It  is  believed  by  many  farmers  in  the  section  of  country  where 
these  farms  are  located  that  lime  should  be  applied  at  regular 
intervals. 

On  some  of  the  farms  of  the  estate  having  sandy  loam  soils  it  is 
probable  that  an  increase  in  the  potash  supplied  in  the  fertilizer 
would  prove  beneficial.  A  skilled  manager  would  also  introduce 
better  cultural  methods  on  some  of  these  farms  and  bring  in  improved 
strains  of  corn  and  wheat.  However,  for  a  scheme  of  management 
that  relieves  the  owner  of  the  responsibility  of  details  it  would  be 
difficult  to  devise  a  better  plan  than  the  one  already  adopted  and 
in  operation. 

DISTINCTIVE     FEATURES    OF    THE     SYSTEM. 

The   distinctive    features   of  the   tenant   system    (^  •'■ -i    .      iiic 

foregoing  i)ages  follow : 

1.  The  tenant  is  well  provided  with  a  comfortable  house  and  with 
barns  and  other  outbuildings. 

2.  He  is  encouraged  to  keep  live  stock  and  is  supplied  with  equip- 
ment for  fencing  and  shelter. 
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3.  He  is  given  all  the  roughage  when  he  feeds  it,  but  only  half  when 
he  sells  it,  thus  making  it  to  his  interest  to  feed  stock  and  return 
the  manure  to  the  land. 

4.  He  is  under  contract  to  use  on  certain  crops  fixed  quantities  of 
fertilizers  of  a  specified  formula;  the  quality  of  this  fertilizer  is 
guaranteed  by  the  estate. 

5.  He  must  sow  a  given  quantity  of  clover  seed  each  year.  This 
is  to  his  advantage,  as  he  gets  the  crop  either  for  pasture  or  for  hay, 
and  in  addition  he  receives  the  benefit  of  it  as  a  soil  renovator.  To 
their  own  disadvantage,  many  farm  owners  neglect  to  sow  clover 
when  the  price  of  seed  is  high  or  for  other  reasons.  Under  this  ten- 
ant system  such  neglect  is  made  impossible  without  violating  the 
contract.  Herein  is  one  advantage  this  system  may  have  over  sys- 
tems usually  followed  by  owners. 

G.  He  takes  an  interest  in  the  farm  on  account  of  his  belief  in  the 
fairness  of  the  contract  and  in  the  permanency  of  his  tenure. 

SYSTEMS  FOR  TENANT  FARMS. 

1.  A  good  system,  with  reference  both  to  rotation  and  the  mainte- 
nance of  soil  fertility,  is  essential  to  a  permanentl}^  profitable  farm. 

2.  Tenant  farms  are  especially  liable  to  decrease  in  productiveness 
as  the  years  go  by  because  of  the  general  lack  of  an  adequate  system 
for  maintaining  their  soil  fertility. 

3.  Plans  for  farming  are  possible  w^hereby  both  tenant  and  owner 
can  make  a  fair  profit  and  the  farm  still  be  kept  permanently 
productive. 

4.  The  owner  should  make  the  plan,  since  he  is  the  one  most 
vitally  interested  in  the  continued  productiveness  of  the  farm. 

5.  The  plan  should  be  based  on:  (a)  A  rotation  of  crops  which  of 
itself  will  keep  up  the  humus  and  nitrogen  supply  of  the  soil  over  the 
whole  farm;  (h)  a  manuring  or  fertilizing  system  Avhich  will  keep 
the  soil  adequately  supplied  with  phosphorus,  potash,  and  lime;  (c)  a 
division  of  the  expenses  and  the  returns  of  the  farm  wdiich  shall  be 
fair  to  both  OAvner  and  tenant;  (d)  terms  of  rental  w4iich  shall  induce 
permanent  tenure;  and  (e)  a  simple  system  easily  understood  and 
easily  carried  out,  based  on  crops  and  practices  best  adapted  to  the 
locality. 


[A  list  giving  the  titles  of  all  Farmers'  Bulletins  available  for  distribution 
"Will  be  sent  free  upon- application  to  a  Member  of  Congress  or  the  Secretary  of 
Agriculture.]  ^ 
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Sir:  I  have  tlu»  honor  to  transmit  lierowitli  and  to  reromnKMnl 
for  publication  as  a  Fanners'  Bulletin  a  manuscript  entitled  *' IIo<; 
Houses,"  by  Mr.  J.  A.  Warren,  formerly  of  the  Office  of  Farm  Man- 
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The  paper  deals  esj)ecially  with  a  subject  that  is  of  <;reat  im- 
portance to  hog  raisers,  namely,  the  sanitary  and  economical  housin*:^ 
of  the  animals. 

The  question  of  location  of  windows  to  provide  the  niaximum 
I  mount  of  sunshine  in  the  pens  at  farrowing  time  is  particularly  well 
leveloped  by  Mr.  Warren,  and  in  this  connection  is  given  a  sunshine 
I  able  based  on  astronomical  calculations,  for  which  the  author  is 
indebted  to  Prof.  Milton  Updegraff,  in  charge  of  the  Nautical 
Almanac  of  the  Ignited  States  Naval  Observatory. 
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INTRODUCTION. 

In  the  corn  belt  hogs  furnish  one  of  the  most  important  means  of 
marketing  the  corn  crop.  With  the  exception  of  chickens,  they  are 
the  most  numerous  of  all  farm  animals,  and  arc  grown  for  market 
on  more  farms  than  any  other  stock.  Hog  raising  has  probably  made 
more  clear  money  for  the  corn-belt  farmers  than  any  other  enterprise. 
In  view  of  this  one  might  exj)oct  to  find  hogs  the  best  housed  of  any 
animals  on  the  farm,  but  the  opposite  is  the  case.  It  is  still  hard 
for  many  farmers  to  get  rid  of  the  notion  that  anything  is  good 
enough  for  a  hog.  Yet  there  is  no  animal  on  the  farm  which  requires 
better  protection  from  cold  than  the  hog;  none  for  which  a  good  l)ed 
is  more  necessary;  and  none  so  much  in  need  of  sunshine  as  the 
little  pig.  The  horse  and  the  cow  have  good  coats  of  hair — even  a 
calf  or  a  colt  when  left  in  the  cold  is  provided  with  a  good  fur  coat; 
the  hen's  feathers  are  the  best  of  protection  against  cold;  but  the 
hog  has  almost  nothing  between  his  skin  and  the  weather. 

One  of  the  first  rcHjuisites  for  success  with  hogs  is  a  shelter  where 
young  pigs  can  be  kept  warm  and  well  supplied  with  sunshine  and 
fresh  air.  A  little  pig  takes  cold  very  easily  and  recovers  slowly  if 
at  all.  To  prevent  taking  cold  he  must  bo  ko]^t  dry.  warm,  away 
from  drafts,  and  provided  with  fresh  air. 

Most  good  hog  raisers  who  have  warm  buildings  try  to  iiave  tlieir 
sows  commence  farrowing  about  March  1,  but  wnthout  good  houses 
this  is  impracticable.  Breeders  find  it  necessary  to  have  their  pigs 
come  about  this  time  in  order  to  have  them  large  enough  for  the  fall 
demand,  and  producers  of  market  hogs  find  the  practice  profitable. 
Early  pigs  have  several  marked  advantages.  In  the  first  place,  there 
is  usually  more  time  to  care  for  them  early  in  March.  Early  March 
pigs  are  large  enough  to  begin  to  eat  as  soon  as  pasture  is  ready  and 
thus  get  the  longest  possible  pa.sture  season,  and  can  be  expected  to 
make  more  pork  from  grass  than  is  possible  for  later  pigs.  They 
can  be  kept  on  pasture  until  ready  for  market,  or  nearl}"  so.  Not 
only  can  they  make  more  use  of  pasture  but  they  can  make  more 
economical  use  of  all  feed  because  they  can  l)e  finished  for  market 
before  the  cold  we^ithcr  of  winter  s(»ts  in.  wlicn  L'':iins  nrc  more  cx- 
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pensive.  If  these  pigs  are  crowdedj  many  of  them  can  be  marketed 
by  the  last  of  October,  and  for  the  hist  10  years  the  Omaha  price  for 
October  has  averaged  58  cents  higher  than  for  December.  Without 
a  good  house  two  litters  a  year  can  not  be  raised  to  advantage, 
because  the  spring  pigs  must  be  put  off  until  so  late  that  the  fall 
litters  do  not  get  well  started  before  cold  weather,  but  with  a  good 
house  two  litters  can  well  be  raised.  Most  farmers  do  not  feel  that 
they  can  keep  an  old  sow  for  one  litter,  but  with  two  litters  it  becomes 
a  different  proposition.  It  is  universally  conceded  that  old  sows 
raise  better  pigs  than  young  ones,  and  the  keeping  of  old  sows  enables 
one  to  select  and  keep  only  the  best  producers. 

PREVAILING  CONDITIONS  POOR. 

On  the  average,  the  hog  house  is  the  poorest  building  on  the  farm 
and  the  least  adapted  to  the  purpose  for  which  it  was  intended. 
Good  barns  may  be  seen  on  a  large  proportion  of  the  farms,  but  good 

hog  houses  are  gen- 
erally hard  to  find. 
It  is  economy  to 
put  up  first  the 
buildings  that  will 
help  most  to  make 
money.  A  large 
portion  of  the 
farmers  recognize 
this  and  build  a 
good  barn  before 
putting  up  a  good  house,  saying  "  The  barn  will  help  build  the  house 
but  the  house  will  never  help  build  the  barn."  This  principle  seems 
to  be  lost  sight  of  when  it  comes  to  the  hog  house,  yet  no  other  build- 
ing on  the  farm  pays  for  itself  so  quickly.  Unpublished  data  col- 
lected by  the  writer  show  that  good  hog  men  average  about  seven  pigs 
raised  to  the  litter  and  many  surpass  this  record.  The  same  data 
indicate  that  the  general  average  raised  on  the  farm  does  not  exceed 
four  pigs  to  the  litter.  This  wide  difference  is  very  largely  due  to 
the  housing. 

Many  houses  which  cost  enough  to  be  good  are  thoroughly  unfit 
for  the  purpose  because  the  sun  can  not  shine  into  the  pens.  Nearly 
every  large  hog  house  is  deficient  in  either  sunshine  or  ventilation,  or 
in  both. 

The  diagram,  figure  1,  represents  a  farrowing  house  seen  on  one  of 
the  most  highly  improved  farms  in  southern  Nebraska.  To  replace 
the  buildings  on  this  farm  would  cost  $12,000  or  $14,000.  The  hog 
house  is  the  nearest  building  to  the  house,  and  stands  almost  between 
it  and  a  large,  modern  horse  barn.    This  hog  shed  is  24  feet  wide 
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ami  84  {vvi  lon^.  Thero  is  not  a  window  or  ventilator  in  it,  the 
only  means  of  admitting  air  and  light  being  the  alley  doors  and  a 
few  small  hog  doors.  A  more  unsuitable  structure  could  hardly  be 
devised. 

The  writer  has  persoijal  knowledge  of  another  hog  house  (juite 
smiilar  to  this  but  only  al)out  half  as  large,  the  only  openings  IxMug  one 
alley  door,  one  hog  door,  and  one  small  wiiulow.  In  this  house 
over  i)0  per  cent  of  the  early  pigs  were  lost  in  some  seasons,  mostly 
from  thumps.  The  loss  in  a  single  season  would  have  more  than 
paid  for  a  good  building. 

A  little  pig  loves  sunshine  and  needs  it  almost  as  nmch  as  he  ncLil.-. 
food.  No  piggery  is  fit  for  the  purpose  unless  it  admits  direct  sun- 
shine onto  the  floor  of  every  pen  at  the  time  the  pigs  are  farrowed, 
furnishes  plenty  of  fresh  air,  and  provides  for  exercise  in  the  open 
air.  Dryness,  sunshine,  warmth,  fresh  air,  freedom  from  drafts,  and 
exercise  are  of  primary  importance  in  raising  pigs.  These  secured, 
the  battle  is  half  won.  In  putting  up  buildings  the  six  requirements 
just  mentioned  must  be  kept  constantly  in  mind;  not  one  can  be 
neglected. 

COST  OF  HOUSING  PIGS. 

"^Miat  is  the  necessary  cost  of  housing  a  litter?  Where  lumber  is 
$25  to  $85  a  thousand,  good  single-walled  houses  need  not  cost  over 
$10  to  $20  a  pen,  and  double-walled  $20  to  $30  a  pen.  It  is  doubtful 
economy,  under  most  conditions,  to  make  them  cost  over  $30  a  pen, 
and  very  good  sheds  are  sometimes  made  for  less  than  $10  a  pen.  It 
is  easy  to  get  too  much  exjjense  into  any  building,  and  the  hog  house 
is  no  exception.  No  one  can  afford  for  any  purpose  a  building  so 
expensive  that  interest  and  depreciation  will  eat  up  its  usefulness. 
Tlie  owner  of  a  new  hog  house  once  showed  it  to  the  >vriter  with 
considerable  pride.  The  building  was  equipped  with  conveniences  of 
the  best  sort  and  appeared  to  be  ideal  in  every  respect  except  one — 
cost.  It  contained  18  pens  besides  the  feed  bins,  and  cost,  according 
to  the  contractor,  approximately  $4,000,  or  $222  a  pen.  The  interest 
on  this  investment  at  5  per  cent  amounts  to  $11.10  for  every  sow 
pen,  and  the  annual  cost  of  each  pen,  including  interest,  depreciation, 
repairs,  and  insurance,  would  be  about  $27,  which,  as  has  been  shown, 
is  amply  sufficient  to  pay  for  a  good  pen  outright;  or,  at  average 
Omaha  prices  ($5.50  per  hundredweight),  it  would  take  two  250- 
pound  hogs  every  year  to  pay  for  the  maintenance  of  a  single  sow 
pen.     It  is  hard  to  see  how  such  a  building  can  ever  pay  for  itself. 

By  careful  management  it  is  not  difficult  to  make  each  pen  accom- 
modate three  litters  a  year.  Taking  $25  as  the  cost  per  pen  (which 
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is  sufficient  to  make  a  good  double-walled  building),  we  have  the 
following : 

Interest  on  investment  ($25),  at  5  per  cent $1.25 

Insurance,  at  50  cents  per  $1,000 .  0125 

Repairs,  IJ  per  cent .375 

Depreciation,  5  per  cent 1.  25 

Total - 2.  8875 

Using  each  pen  for  three  litters  a  year,  the  cost  of  housing  one 
litter  would  be  slightly  less  than  $1.  This  is  about  what  one  pig  has 
cost  when  farrowed.  Or,  with  the  high  prices  that  have  prevailed 
for  several  years,  one  pig  at  weaning  time  w^ould  pay  for  the  use  of 
one  good  pen  a  whole  year,  w^hich  would  accommodate  three  litters, 
averaging  seven  pigs  or  more  each.  Of  course,  more  shed  room  is 
required  for  the  older  hogs,  but  this  may  be  of  much  cheaper  con- 
struction. If  only  one  litter  a  year  is  raised,  no  other  shed  would  be 
needed.  Many  farmers  have  provided  usable  structures  for  less  than 
half  the  above  figures. 

VARIETIES  OF  HOG  HOUSES. 

The  variety  of  hog  houses  is  almost  as  great  as  the  variety  of 
individuals  using  them.  It  is  rare,  indeed,  to  find  even  a  semblance 
of  uniformity  prevailing  in  a  community.  There  are,  however,  only 
two  or  three  general  types  w^hich  commend  themselves  to  the  careful 
hog  man.  Of  the  two  styles  of  large  houses,  the  larger  has  two  rows 
of  pens,  an  alley  through  the  middle,  and  a  jog  in  the  roof  for  win- 
dows to  light  the  north  pens,  while  the  smaller  has  but  one  row  of 
pens,  wdth  an  alley  and  a  row  of  w^indows  on  the  south  side.  The 
double  house  is  much  cheaper  per  pen,  and  for  that  reason  is  to  be 
preferred.  Less  work  is  also  required  to  care  for  the  hogs  than 
where  a  single  row  of  pens  is  used. 

Probably  the  cheapest  house  fjossible  is  a  low  building  with  a  single 
row  of  pens  and  no  alley  (see  figs.  13  and  14),  but  such  a  house  is 
much  less  convenient,  especially  in  stormy  weather.  In  northeastern 
Kansas  and  southeastern  Nebraska  there  are  a  number  of  houses  with 
common  gable  roofs  which  are  lighted  by  rows  of  glass  extending 
from  the  ridge  of  the  roof  to  the  plate.  This  seems  an  awkward 
method  of  securing  sunshine  and  has  nothing  particularly  in  its  favor. 

A  large  hog  house  should  always  stand  east  and  west,  facing  the 
south,  so  that  the  maximum  amount  of  sunshine  may  be  had  in  each 
pen.  When  o,  double  house  is  used,  which  is  much  the  cheapest,  the 
outside  pens  on  the  north  are  often  of  little  use  in  early  spring  and 
late  fall  on  account  of  the  shade  and  the  cold  winds.  This  difficulty 
can  be  partially  overcome  by  changing  sows  so  that  those  which  have 
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no(  farrowed  and  those  witli  the  oldest  pigs,  which  have  least 
of  warm  outside  pens,  are  on  the  north  side.     This  problem  has  i-crn 
in«roniously  solved  by  a  prominent  Duroc  breeder  whose  ho»r  ho!ise 
is  later  described  in  detail.     (8ee  figs.  9  and  10. 

In  the  majority  of  large  hog  houses  the  uppi  r  \vind<»ws  are  not 
so  placed  that  the  sunshine  will  strike  the  ll(M)r  when  it  is  most  nee<led 
there.  Indeed,  a  hog  house  with  the  windows  in  the  proper  position 
is  rarely  seen.  Direct  sunshine  should  strikt  Mh»  floor  in  every  \H*n 
for  as  many  hours  in  the  day  as  p();isi4;ie.at  the  tji.ie  when  the  pigs 
are  farrowed.  Nearly  every  one.  realizesUn^.is  a  mit(cr.  of  the  great- 
est importance,  but  too  often  the  builder  d'cios  iijf)t  take  thV  trouble  to 
find  out  whether  he  is  getting  it  or  not.  Ordi'iuirily  the  f'.rmcr  has 
no  means  of  ascertaining  where  to  put  the  windowv;  so  as  to  get^-the 
maximum  amount  of 
sunshine  at  the  time 
he  wants  it,  unless  he 
happens  to  be  build- 
ing just  at  that  time, 
which  is  very  \ni- 
usual.  The  country 
is  dotted  with  hog 
houses  in  which  the 
owner  thought  he  was 
putting  the  windows 
where  he  wanted  them,  but  found  later  they  were  in  the  wrong  i)lace. 

In  double  houses  the  windows  for  lighting  the  south  ])ens  nnist  be 
as  high  uj)  as  possible  in  order  to  get  them  away  from  the  hogs. 

EXAMPLES   OF   FAULTY   CONSTRUCTION. 

Figure  2  is  an  outline  of  one  of  the  commonest  types  of  hog  house 
in  many  connnunities,  but  utterly  unfit  for  the  purpose.  This  type 
of  house  almost  always  stands  north  and  south.  Very  little  sp.n- 
shine  ever  strikes  the  floor,  and  as  a  consequence  the  pens  are  often 
damp  and  chilly. 

The  building  shown  in  iiunn-  .>  i^  anom  /)ti  miles  noi-tli  of  the 
fortieth  parallel.  It  is  well  built  and  of  the  Wst  material  on  the 
market.  It  is  22  feet  wide,  42  feet  long,  contains  fourteen  (J  by  8 
pens,  and  cost,  approximateh\  $2.50,  or  $17.86  a  pen.  Figure  4  is  a 
cross  section  of  figure  3,  showing  where  the  sun's  rays  will  strike  at 
noon  March  1.  It  will  be  seen  that  there  can  be  no  appreciable 
amount  of  sunshine  on  the  floor  of  the  north  pens  until  about  the 
middle  of  the  month.  In  this  case  the  connnon  mistake  was  made  of 
placing  the  windows  too  high  above  the  floor  and  thus  impairing  the 
usefulness  of  the  north  i:>ens.  The  walls  should  have  been  lower  and 
the  south  roof  flatter,  so  as  to  lower  the  upper  windows. 
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Fi'i.  2. — A  couunon  but  unsatisfuctory  lype  of  li<»;;  house; 
insuftlcirnt  liKht,  nnd  slnnd.s  north  and  soutli  instead  of 
east  and  west. 
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The  hog  house  shown  in  figure  5  is  near  the  fortieth  parallel.    The 
north  roof  is  shingled;  the  south  roof  has  patent  roofing.     Inside 


m-n  u  B  B 


Fig.  3. — A  substantial  buildinj;,  but  with  upper  windows  too  high  for  locality  where  built 
unless  late  farrowing  is  desired.  • 

pens  are  7  by  12  feet.    The  back  half  of  the  pens  is  floored  with  plank, 
the  front  half  and  alley  with  concrete.     This  is  a  very  good  house, 

especially  if  one  wants 
to  feed  inside.  The  up- 
per windows,  however, 
are  too  low  for  the  width 
of  the  house.  It  is  true 
the  windows  are  in 
right  position  for  far- 
rowing on  February  1, 
but  if  the  pigs  are  wanted 
a  month  later,  then,  as  the 
diagram  (fig.  6)  shows, 
the  sunshine  will  be  on 
the  concrete  floor  a  large 
part  of  the  day  March  1, 
and  much  more  of  the 
time  later  in  the  season.  This  will  induce  the  pigs  to  lie  on  the  con- 
crete and  cause  them  to  take  cold.  Another  set  of  windows  higher 
up  would  correct  the  error,  and  should  be  put  in. 
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Fig.  4. — Cross  section  of  house  shown  in  figure  3, 
showing  wh3re  sunshine  from  upper  windows  will 
fall  at  noon  March  1. 
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TWO   WELL-BUILT   HOG   HOUSES. 

Fi<riiro  7  shows  a  liojr  houso  built  in  south-centml  Nebrnskft  in 
IJKU).  The  walls  are  uninatched  sheathing,  paper  and  lap  siding. 
The  roof  is  shingled.     This  house  is  24  by  40  feet,  and  contains  ten 


Fn 


A  builUinn  iu  whicli  tlio  upprr  windows  aif 
uncomnutn  mistake 


too  low   for  furrowiu;;  .Manli    1-    an 


8  by  10  pens.     The  cost  of  material  was  $260,  labor  $00,  total  $320,  not 

including  foundation,  or  $32  a  pen.     Including  the  foundation,  the 

cost  must  have  been  at  least  $3G  a  pen.    The  middle  window  of  each 

group  of  three  swings 

on  stops  for  ventila- 

lion.     The  inside 

fences   are   33   inches 

high    and    are    made 

of  four   1   by   6   and 

two    2    by    4    pieces. 

One  2  by  4  is  laid  flat 

on  top. 

--,.  .  Fig.  6. — Cross  section  of  house  shown  In  fljfure  .'».  show- 

r  Igure  8   is   a   cross  ing   where   sunshine    from   upper   windows   will    fall   at 

section   of  the  house         ^"^^^  ^'^rch  i. 

shown  in  figure  7.  showing  where  the  sunshine  will  strike  at  10  a.  m. 
^farch  1.  This  shows  that  the  sunshine  from  the  full  length  of  the 
window  will  strike  the  floor  ovor  four  liour^  n  day  ^rnn-li  1. 
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This  is  a  good  hog  house,  but  rather  expensive.     The  pens  could 
as  well  have  been  6  feet  wide  instead  of  8,  and  the  cost  per  pen  would 


Fig.  7. — A  hog  house  with  upper  windows  perfectly  arranged  for  farrowing  Marcli  1. 

thus  have  been  reduced  almost  one-fourth.  The  usefulness  would  be 
improved  by  the  addition  of  outside  pens.  The  owner  is  a  hog  man 
of  long  and  successful  experience.     He  has  used  both   individual 

and  two-hog  cots 
for  many  years,  but 
has  now  supple- 
mented them  with 
this  large  house. 

Figures  9  and  10 
represent  a  house 
built  by  one  of  the 
most  prominent  Du- 
roc  breeders  after 
careful  study.  It  is 
a  most  serviceable 
structure  and  one  of 
the  best  the  writer 
has  ever  seen.  It  is  one  of  the  few  hog  houses  that  have  proved  so 
satisfactory  that  the  owners  are  willing  to  duplicate  them.     This 
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Fig.  8. — Cross  section  of  house  shown  in  figure  7,  showing 
where  sunshine  from  upper  windows  will  fall  at  10  a.  m. 
and  2  p.  m.  March  1. 
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houses  has  Ikhmi  copied  1)V  a  luiinlMT  of  farnuM's  in  the  vicinity,  some  of 
whom,  however,  liave  made  the  mistake  of  Iniihiinj]^  a  h)np»r  house 
and  not  making  provision  for  outside  pens  for  the  extra  inside  pens. 


N\»ll-bullt  and  well  arranjrcd  l 


de  pens. 


Tlie  walls  are  sheathed,  papered,  and  sided.     The  roof  is  shingled. 
The  outside  floors  on  the  east,  west,  and  south  are  G  feet  wide.     This 
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Fio.   10. — Ground  plan  of  house  shown  In  fljfure  9,  showing  arranf^ement  of  inside  and 

outside  pens,  etc. 

house  is  22  by  36  feet  and  contains  ten  pens.     It  was  built  north  of 
Omaha  in  100;')  and  cost,  complete,  including  lalK)r,  $275,  or  $27.50 

a  pen.       T^ii*^   iTU'lii(l»»<   fl»«»   r^mt^wlc    floor   Mtid    lUMlS. 
43^ 


16  HOG  HOUSES. 

The  gates  across  the  alley  all  lift  off  their  hinges  so  they  can  be 
removed  or  replaced  in  a  moment.  This  arrangement  makes  it  very 
convenient  in  sorting  hogs  to  change  them  from  one  pen  to  another 
or  to  make  extra  pens  when  crowded.  AMien  swung  across  the  alley 
the  free  ends  of  the  gates  fasten  with  common  house-door  bolts.  By 
putting  these  on  so  the  knobs  turn  up  instead  of  down,  the  owner 
finds  that  hogs  can  not  open  them.  If  the  knobs  turned  down  the 
hogs  could  open  them  readily.  The  fronts  of  the  pens  next  the 
alley  are  all  loose  panels  which  lift  out.  In  this  way  the  whole 
house  can  be  made  into  one  large  room  in  a  few  minutes,  nothing 
but  the  pen  partitions  being  left  in  place. 

The  inside  pens  are  7  by  8  feet,  except  the  middle  one  on  each 
side,  which  is  "8  by  8  feet.  (The  pens  are  irregular  in  width  because 
the  lumber  cut  this  way  to  better  advantage.)  Tlie  hog  doors  are 
22J  by  31  inches  in  the  clear.  The  large  doors  are  3  by  G  feet,  divided 
in  the  middle.  The  upper  windows  each  contain  four  12  by  14  inch 
lights  and  are  set  solid  and  close  together.  The  lower  Avindows  each 
contain  four  10  by  12  inch  lights. 

The  most  striking  feature  of  this  house  is  the  ingenious  way  in 
which  outside  pens  have  been  provided  without  having  them  on  the 
north  side.  There  is  an  outside  pen  for  every  inside  pen  excej)t 
one,  the  sows  on  the  north  side  going  out  as  indicated  by  the  arrows 
in  figure  10.     This  could  not  be  accomplished  with  any  more  pens. 

The  ventilators  are  6  by  G  inches  inside.  The  lower  ends  are  2 
feet  above  the  floor  and  the  upper  ends  just  above  the  comb  of  the 
roof.  The  south  rafters  are  extended  to  meet  the  north  rafters  so 
that  no  studding  are  needed  under  the  south  edge  of  the  north  roof 
(see  fig.  9).  Whether  this  gives  any  advantage  is  doubtful.  The 
sunshine  will  strike  the  floor  in  all  pens  several  hours  a  day  on 
March  1. 

The  dipping  tank  is  convenient,  but  in  a  cold  place.  Perhaps  this 
could  be  bettered. 

A   COMBINATION   HOG   HOUSE   WITH   HAY   AND    GRAIN   STORAGE 

ROOMS. 

It  is  a  great  convenience  to  have  grain  bins  and  storage  room  for 
bedding  and  hay  in  the  hog  house.  In  some  houses  similar  to  those 
described  above  such  space  has  been  provided  by  simply  extending 
the  building.  A  modification  of  the  double  house,  which  provides 
storage  room  and  contains  several  other  excellent  features,  is  de- 
scribed below. 

Figures  11  and  12  show  the  plans  of  a  hog  house  built  by  a  very 
successful  grower  of  market  hogs  in  western  Iowa  in  190G.  It  has 
now  been  in  use  four  years  and  has  given  the  owner  excellent  satis- 
faction.    It  contains  24  pens,  each  5  by  9  feet,  a  covered  feeding 
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floor,  bins  for  gitiin,  tankago,  and  oil  nu»al,  and  mow  room  for  hay 
and  l)oddin«r.  Tho  matori.d  cost,  approximatoly,  $400.  The  hihor 
was  all  jHTfornuHl  by  the  regular  farm  help  and  no  account  of  it  was 
kept     In  tliis  house  a  hirge  number  of  hogs  can  be  cared  for  with  a 
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very  small  amount  of  work.  The  high  roof  of  the  central  part  shuts 
off  a  portion  of  the  sunshine  from  the  sow  pens.  This  is  a  bad 
feature,  but  one  which  could  not  be  avoided  without  sacrificing  the 
feeding  floor  and  the  convenience  of  the  interior  arrangement.  This 
shading  of  the  sow  pens  seems  to  the  writer  a  very  grave  error,  but 
4n.s 
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the  owner,  after  four  years  of  experience,  does  not  consider  it  very 
serious.  Of  course,  even  the  pens  next  to  the  central  part  get  the 
benefit  of  the  sunshine  somewhat  more  than  half  of  the  day.  But 
it  is  evident  that  the  windows  nearest  the  central  part  of  the  building 
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throw  sunshine  on  the  floor  only  a  very  short  time.  They  w^ould  be 
much  more  useful  if  they  were  several  feet  from  the  high  building. 
The  owner  now  regrets  that  he  did  not  make  a  solid  row  of  windows 
both  above  and  below. 
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Shod  cots  are  used  in  connection  with  tliis  house,  the  sows  l)eing 

iiiovt'd  out  frenerally  when  the  pigs  are  about  two  "■/•«•      '  i 

TWO  TYPES   OF   CHEAP   HOUSES. 

Figure  1.'^  shows  a  cheaj)  house,  but  hicking  in  light  iiim  >« m  Nui  mn 
when  the  roof  doors  are  ch)sed.  It  is  0  by  48  feet  and  contains  8 
pens,  each  (>  by  0  feet.  The  material  (not  including  outside  pens  or 
posts)  cost  $48,  or  $('»  a  pen.     Figure  14  shows  the  end  elevation. 


Fi«;.  1.;. — A  very  cheap  hog  house,  but  lacklnj?  light  and  v«nlllaf Ion  wli.-n  roof  <!<m»is  urr 

closed. 

Figure  15  show^s  a  much  better  house  of  the  same  general  ty]><  .  Ii 
contains  sixteen  5  by  7  j^ens.  The  material  cost  (in  southeast  Ne- 
braska. 1J)07)  is  $115,  or  $T.1{)  a  ikmi. 

HOG  COTS  OR  INDIVIDUAL  HOUSES. 

AMiether  the  large  house  with  individual  pens  is  l)etter  tiian  the 
individual  cot  is  an  open  question,  perhaps  largely  a  matter  of  indi- 
vidual preference.  Each  has  its  distinct  advantages  which  can  not 
be  secured  in  the  other.  Many  of  the  best  hog  rai.sers  are  now  pro- 
viding themselves  with  both  types  of  houses,  and  this  seems  to  be  the 
most  satisfactory  meth(Kl.  It  is  no  more  expensive  in  the  long  run, 
for  all  the  buildings  can  be  kept  in  use  the  year  round.     In  such  cases 
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Fig.  14. — Entl  elevation  of  house  shown  in  figure  lo 


the  large  houses  are  used  for  farrowing  quarters,  and  as  soon  as  the 
pigs  are  a  week  or  two  old,  or  as  soon  as  the  weather  permits,  the 
sows  and  litters  are  removed  to  the  individual  cots.  During:  the  re- 
mainder  of  the  year  the  large  houses  are  utilized  for  sleeping  quarters. 
The  small  cot  has  the  advantage  of  keeping  each  sow  from  the  dis- 

turbance  of  the 
others,  and  lessens 
the  danger  from 
contagious  and  in- 
fectious diseases. 
The  disturbance  in 
a  large  house,  how- 
ever, is  usually  not 
a  serious  matter 
and  is  often  unduly 
emphasized.  After 
the  pigs  get  a  little 
start  there  is  usu- 
ally more  or  less 
robbing  where 
many  are  together. 
The  individual  cot 
lessens  this  trouble.  AMien  the  surroundings  become  insanitary,  the 
cot  can  easily  be  moved  to  a  clean  place. 

Probably  the  greatest  disadvantage  in  the  cot  is  the  large  amount 
of  work  required  to  tend  the  stock.  Tliis  is  a  matter  of  no  small 
importance.  There  are  usually  no  windows,  so  there  is  no  sunshine 
or  light  when  the  roof 
door  is  closed.  There 
is,  however,  no  rea- 
son why  windows  and 
ventilation  should  not 
be  provided.  The 
open  roof  which  is 
commonly  used  places 
the  pigs  in  more  dan- 
ger of  being  chilled 
by  cold  winds  and 
sudden  storms  when 
the  attendant  is  away. 
Unless  the  cot  is  unusually  well  built,  it  is  somewhat  more  difficult 
to  keep  warm  in  very  cold  weather  than  the  large  house. 

The  main  advantage  in  the  large  house  lies  in  the  convenience  with 
which  the  stock  can  be  tended  and  the  short  time  required  to  see  all 
the  animals.     It  is  somewhat  more  easy  to  keep  warm,  and  is  more 
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easily  heated  if  artificial  iieat  is  re<iuired.  During  cold  days  the  pijrs 
can  iTct  the  sunshine,  if  there  is  any,  without  any  exposure  wluitevor. 
The  variety  of  individual  ho<;  houses  is  jrreater,  if  anything,  than 
that  of  larjre  houses,  but  they  are  readily  separable  into  two  general 
classes — the  A-shaped 
cot,  and  the  various 
cots  with  perpendic- 
ular sides.  The  A- 
shaped  cot  is  (piito 
satisfactory  when 
well  built  and  pro- 
vided with  a  window 
and  ventilating  door, 
but  generally  these 
are  lacking.  Nearly 
all  of  the  cots  with 
perixMidicular  sides 
have  doors  in  the 
roof  or  in  the  south 
side  to  l>e  opened  in 
sunny  weather.  It 
is  easier  to  care  for 

sows  in  these  houses  than  in  the  A-shaped  cots.     All  cots  .-houUl  be 
built  on  skids.     Some  of  the  best  types  of  cots  are  described  below. 

Figure  16  represents  one  of  the  best  styles  of  A-shaped  cots,  com- 
monly known  as  the  Lovejoy  cot.     In  1904  the  Nebraska  Hospital 

for  the  Insane,  at 
Lincoln,  buiU  a 
number  of  these 
cots.  All  the  walls 
are  double,  being 
sheathed,  papered, 
and  then  covered 
with  flooring.  The 
doors  are  also  dou- 
ble. These  cots  cost 
al)out  $40  each.  Less 
substantial    <  ni  ^   n  f 


ovt'joy  Individual  lio;;  lioii^ 


Fig.  17. 


A  wiuare  cot,  with  hinged  roof. 

the  same  shape  may  be  built  for  much  less  money. 

Figure  17  shows  a  good  type  of  cot  in  use  in  southea.stern  Iowa. 
The  whole  south  roof  is  on  hinges  and  can  be  lai<l  over  on  the  north 
side.  The  front  wall  is  a  loose  panel,  which  can  be  quickly  i-emoved- 
The  floor  is  also  removable.  There  are  no  projections  on  the  ends 
in  order  that  the  cots  may  Ix?  set  close  together  in  winter.  They  are 
moved  by  raising  and  putting  a  sled  underneath. 
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Figure  18  shows  a  good  cot  in  south-central  Nebraska,  with  a  con- 
venient knockdown  pen.    Skids  4  by  6,  9  feet  long.    Joists  2,  2  by  6, 


Fig.   18. — A  good  individual  house,  witli  knockdown  pen. 

laid  flat.    Walls  shiplap,  paper  and  lap  siding.    Roof  doors  18  inches 
wide.     Cost  complete,  $25  (1908).    Figure  19  shows  the  dimensions 

of  the  house  and  also 
the  panels  of  the 
pen. 

HINTS    ON    CON- 
STRUCTION. 
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Front  Of  Pen 

FLOORS. 

T  h  e  hog  -  house 
floor  is  an  unsettled 
question.  •  A  good 
floor  is  the  ground 
w^ith  woven  wire 
stretched  on  top  to  prevent  the  hogs  from  rooting.  Electrically 
Avelded  corncrib  Avire  is  very  satisfactory.  This  makes  a  floor 
which  is  easy  on  the  hogs,  almost  free  from  rats,  and,  if  properly 
bedded,    warm    and    dry.     It   is,   however,    more    difficult    to   keep 
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3ide  of  Pen 

Fig.   19. — Diagram  of  individual  house  shown  in  figure  18, 
showing  dimensions  and  details  of  pen  construction. 


HOO   HOUSES. 


free  from   dust   than  s<)in<»  other  floors,  wljiny  c 


23 


usimI,  hut  thcv  aiv  coM,  liahlo 
foot.     Often  ahnost  an  entire 


oncreto  flooi 
to  l>e  wet,  and  are  hanl  on  the  iio;^- 
pi*::  crop  and  many  sows  are  lost  hy 


taking  cold  on  concrete  flooi-s.  Concrete  floors  are,  however,  very 
satisfactory  when  covered  with  phmk  overhiys,  or  false  floors,  which 
shouKl  he  raisinl  from  the  concrete  ahout  an  inch  hv  nailinir  cleats 
on  the  under  side,  as  shown  in  figure  '20. \  The  wood  portion  of  this 
floor  consists  of  2  hy  4  inch  timhcrs  Inid  fihonf  ono-fourtli  inch  apart 
to  allow  drainage. 

Board  floors  are  expensive,  short  lived,  cold  if  up  off  the  ground, 
and  make  the  worst  kind  of  rat  harhors.  The  writer  once  visited 
an  old  hog  house  with  wood  floor  in  which  the  owner  said  (he  rats 
had  gotten  over  half  the  pigs.  Several  men  report  that  rats  may  Ikj 
kept  out  hy  packing  sand  or  cinders  to  the  top  of  the  joists  Ixifore 
laying  the  floor,  hut  these  materials  are  often  too  expensive  to  he 
used  for  this  purpose. 


Fig.  20. — Pen,  showing  concrete  floor  with  removable  wood  overlay. 
PARTITIONS. 

In  making  the  inside  partitions,  care  should  always  be  taken  to 
have  them  perfectly  tight  at  the  floor  and  for  about  10  or  12  inches 
above,  so  that  young  pigs  can  not  crawl  through,  and  so  sows  in  (he 
adjoining  pens  can  not  get  liold  of  them  and  pull  them  through. 
A  sow  will  often  pull  a  newly  born  pig  through  under  a  partition 
and  eat  it,  when,  if  the  pig  was  in  the  pen  with  her,  it  would  be  per- 
fectly safe.  Above  the  first  10  or  12  inches  it  is  better  to  have  the 
partitions  open  enough  so  the  hogs  can  see  out,  otherwise  at  every 
sound  the  sows  will  be  up  on  the  partitions  to  see  what  is  going  on. 

Pig  rails  or  guardrails  should  l)e  placed  on  the  inside  of  the  pen, 
from  6  to  10  inches  from  the  floor,  according  to  the  size  of  the  sow, 
and  should  stand  out  G  or  8  inches  to  prevent  the  sow^  from  mashing 
the  pigs  against  the  wall. 

It  will  be  found  convenient  to  have  the  alley  gates  removable  by 
lifting  out.  It  is  sometimes  helpful,  also,  to  have  part  or  all  of  the 
partition  fences  removable.    All  partitions  should  be  30  to  3G  inches 

high. 
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Six  by  8  feet  is  generally  found  to  be  a  very  satisfactory  size  for 
pens,  but  if  feeding  is  to  be  done  inside,  the  pens  will  need  to  be 
longer  in  order  to  give  room  to  feed  and  water  without  getting  the 
bed  befouled.  Very  large  sows,  such  as  are  sometimes  kept  by  breed- 
ers, may  need  more  room,  but  the  producer  of  pork  will  not  need 
a  larger  pen.  Small  sows  do  not  need  this  much  room,  and  it  might 
be  good  economy  to  make  half  of  the  pens  5  feet  w^ide.  Five  by  8 
feet  will  accommodate  a  small  sow  very  well. 

Hog  doors  should  be  22  to  23  inches  wide  and  30  to  31  inches  high 
in  the  clear.  In  cold  weather  a  piece  of  burlap  or  ducking  hung  at 
the  top  of  the  hog  door,  with  a  stick  a  little  shorter  than  the  width 
of  the  door  nailed  across  the  bottom  to  prevent  the  wind  from  blow- 
ing it  back,  will  help  materially  to  keep  the  pigs  warm.  The  pigs 
Avill  soon  learn  to  lift  the  curtain  when  they  want  to  "go  through. 
The  board  doors  in  cots  would  not  then  need  to  be  closed  except  in 
very  bad  weather,  or  while  the  pigs  are  very  small. 

VENTILATION. 

In  most  cases,  either  ventilation  is  lacking  or  the  house  is  drafty. 
In  a  well-ventilated,  double-walled  building,  little  moisture  will 
gather  on  the  walls  even  in  very  cold  weather,  while  in  a  poorly 
ventilated  one  thick  coats  of  frost  will  often  gather,  and  the  whole 
house  will  be  damp  w^hen  the  frost  melts.  It  is  not  easy  to  secure  a 
good  supply  of  fresh  air  and  prevent  all  drafts  from  striking  the  pigs. 
There  are,  hoAvever,  several  quite  satisfactory  methods  of  ventilation 
in  use.  The  commonest  one  is  to  make  some  of  the  windows  so  they 
will  either  slide  or  swing  on  hinges.  The  box  ventilators  shown  in 
figures  9  and  10  are  very  satisfactory.  The  cloth  curtain  window 
also  does  good  work. 

WHITEWASHING. 

Whitew^ashing  tlie  inside  of  the  house  is  an  excellent  practice. 
Besides  going  a  long  way  toward  disinfecting,  it  increases  the  light 
materially.  When  the  sunshine  strikes  a  whitewashed  wall,  much 
of  it  is  reflected  to  the  floor  and  does  a  great  deal  of  good.  Dark 
houses  which  must  be  used  will  be  much  improved  by  whitewashing. 

WHERE  TO  PLACE  WINDOWS  IN  HOG  HOUSES. 

The  following  tables,  prepared  at  the  United  States  Naval  Ob- 
servatory, will  enable  the  reader  to  determine  at  once  how  the  win- 
dows in  a  hog  house  should  be  placed  in  order  to  secure  the  maximum 
sunshine  in  the  pens  at  any  desired  time  from  January  to  May.  The 
tables  show  the  height  (at  top)  necessary  for  windows  to  be  in  order 
that  the  sun  may  strike  the  back  line  of  the  floor  of  the  pen— at  the 
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jriven  distances  north  of  tlu*  window— nt  10  a.  m.,  noon,  and  2  p.  ni., 
on  (lie  first  day  of  each  month  fi-oni  January  to  May,  inchisive.  The 
calcuhitions  are  made  for  every  2  ih»«i:rees  of  hititude  from  30  to  48 
*de<^'ees  north,  and  for  distances  north  of  the  win(h)w  from  4  feet  to 
18  feet.  This  covers  all  ordinary  widths  of  huildinp^  and  all  parts  of 
the  United  States.  It  is  assumed,  of  course,  that  the  windows  front 
due  south. 

The  outline  map  of  the  United  States  (li^.  lil )  >ht)\v^  whai  ^,... .-  ,,. 
tlie  country  are  crossed  by  each  of  the  parallels  mentioned  in  the 
tables.  By  referring  to  the  map  anyone  can  tell  aj)pr()ximately  what 
his  latitn'l"  '-.  "»"]  tbi'^  '"M'  <-'<•  ul.-M  fnnii-4.<  ;,,  tin'  frtl'l"^  ""ply  <*>  hi< 
locality. 


^^^Nr^'^-^I?^ 

— - — ^ 

-^ 

1  ^ 

N.OAK.     \ 

••'t^- 

-73l.w,J 

K3WA___:C^ 

^S^''™-::^-^;" 

~^cota__ 

«AN«^^^^^T^ 

MorTy 

OKLA. 

x/- 

■'  y-r^ 

N.                           TCX                   \^itSi. 

^x7-^           p^—^^ 

\{ 

J 

Fin.   21. — Outline  map  of  tho  United  States,  showing  even  parallels  of  latitude  fn.m^ 

20'  north  to  48°  north. 


HOW  TO  USE  THE  SUNSHINE  TABLES. 

Suppose  a  farmer  lives  at  Springfield,  111.,  and  w^ishes  to  put  up 
a  hog  house  20  feet  wide,  having  pens  8  feet  long  and  the  alley  4 
feet  wide  (after  the  general  style  of  the  houses  shown  in  figs.  5  and 
7),  and  wants  the  pigs  to  come  about  March  1.  In  this  ca.se  the 
combined  length  of  the  pen  and  width  of  the  alley  (12  feet)  repre- 
sents the  distance  from  the  line  of  the  upper  windows  to  the  back 
line  of  the  rear  pens.  Consequently,  in  order  to  locate  the  proper 
height  for  the  upper  windows  he  turns  to  the  table  under  "March 
1,''  finds  latitude  40,  follows  the  line  across  to  the  column  headed  "  12 
feet,"  and  there  finds  that  the  top  of  the  window  should  be  10  feet  6 
inches  from  the  ground  in  order  to  ^t  the  sunshine  on  the  back  line 
of  the  pen  at  10  a.  m.  and  at  2  p.  m.     In  this  instance  it  will  be  noted 

438 


26 


HOa  HOUSES. 


that  the  sun,  being  a  little  higher  at  noon,  does  not  quite  strike  the 
back  line  at  that  hour,  but  goes  back  there  by  2  o'clock. 

It  may  be  seen  from  the  above  example  that  under  normal  condi- 
tions— that  is,  avoiding  extremes  of  latitude  and  of  season — the  in- 
formation given  in  the  tables  is  of  much  practical  value.  Where, 
however,  we  take  Florida  for  May  1,  or  northern  Minnesota  for  Jan- 
uary 1,  we  find  conditions  that  are  not  practicable,  because  in  the 
first  case  the  windows  would  have  to  be  too  high  and  in  the  second 
too  low. 

JANUARY  1. 


Latitude. 


30  degrees  N, 
32  degrees  N 
34  degrees  N 
36  degrees  N 
38  degrees  N 
40  degrees  N, 
42  degrees  N 
44  degrees  N. 
46  degrees  N, 
48  degrees  N, 


- 

Distance  from  window  line  (at  floor)  to  north  end  of  pen. 

4  feet. 

6  feet. 

8  feet. 

10  feet. 

Noon. 

10  a.  m, 

and 
2  p.  m. 

Noon. 

10  a.  m. 

and 
2  p.  m. 

Noon. 

10  a.  m. 

and 
2  p.m. 

Noon. 

10  a.  m. 

and 
2  p.  m. 

Height  of  window. 


Ft.  in. 

Ft. 

in. 

Ft. 

in. 

Ft. 

in. 

Ft 

in. 

Ft. 

in. 

Ft.  in. 

3      0 

2 

8 

4 

6 

4 

0 

G 

0 

5 

4 

7      6 

2    10 

2 

6 

4 

2 

3 

9 

5 

7 

5 

0 

7      0 

2      7 

2 

4 

3 

11 

3 

5 

5 

2 

4 

7 

6      6 

2      5 

2 

1 

3 

7 

3 

2 

4 

10 

4 

2 

6      0 

2      3 

1 

11 

3 

4 

2 

11 

4 

5 

3 

10 

5      6 

2      0 

1 

9 

3 

1 

2 

8 

4 

1 

3 

6 

5      1 

1     10 

1 

7 

2 

10 

2 

5 

3 

9 

3 

2 

4      8 

1      8 

1 

5 

2 

7 

2 

2 

3 

5 

2 

11 

4      3 

1      6 

1 

3 

2 

4 

1 

11 

3 

1 

2 

7 

3    10 

1      5 

1 

2 

2 

1 

1 

8 

2 

9 

2 

3 

3      5 

Ft.  in. 
6     8 


Latitude. 


Distance  from  window  line  (at  floor)  to  north  end  of  pen. 


12  feet. 


Noon. 


10  a.  m. 

and 
2  p.m. 


14  feet. 


Noon. 


10  a.  m. 

and 
2  p.  m. 


10  feet. 


Noon. 


10  a.  m. 

and 
2  p.  m. 


18  feet. 


Noon. 


10  a.  m. 

and 
2  p.m. 


Height  of  window. 


30  degrees  N 
32  degrees  N 
34  degrees  N 
36  degrees  N 
38  degrees  N 
40  degrees  N 
42  degrees  N 
44  degrees  N 
46  degrees  N 
48  degrees  N 
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Ft.  in. 

Ft. 

in. 

Ft. 

in. 

Ft. 

in. 

Ft. 

in. 

Ft. 

in. 

F^  in. 

9      0 

8 

1 

10 

6 

9 

5 

12 

0 

10 

9 

13      6 

8      5 

7 

5 

9 

9 

8 

8 

11 

2 

9 

n 

12      7 

7      9 

6 

11 

9 

1 

8 

0 

10 

4 

9 

2 

-     11      8 

7      2 

6 

4 

8 

5 

7 

0 

9 

7 

8 

5 

10    10 

6      8 

5 

10 

7 

9 

6 

9 

8 

10 

7 

9 

9    11 

6      1 

5 

4 

7 

2 

6 

2 

8 

2 

7 

1 

9      2 

5      7 

4 

10 

6 

6 

5 

7 

7 

5 

6 

5 

8      5 

5      1 

4 

4 

5 

11 

5 

1 

6 

9 

5 

9 

7      8 

4      7 

3 

10 

5 

4 

4 

6 

6 

2 

5 

2 

6    11 

4      2 

3 

5 

4 

10 

4 

0 

5 

6 

4 

7 

6      2 

Ft.  in. 


HOG   HOUSES. 
FEBRUARY  1. 

27 

Dlstanop  from  window  line  (at  door)  to  north  pnd  of  pen. 

1  fffet. 

efeet. 

sf.rt.                                     lnf.,t. 

I.nlltiul*". 

Noon. 

10  a.m. 

and 
2  p.  m. 

Noon. 

10  a.  in. 

and 
2  p.  m. 

Noon. 

10  a.m. 

and     1 
2  p.m.  j 

;.,'.'.: 

Height  of  window. 

M^  (locrtvs  X 

FU  in. 
3     8 
3      5 
3      3 
3     0 
2     9 
2     7 
2     5 
2     2 
2     0 
1    10 

Ft.  in. 
3     5 
3     2 
2    11 
2     9 
2      6 
2      4 
2      2 
2      0 
1     10 
1      8 

Ft.  in. 
5     7 
5     2 
4    10 
4      6 
4      2 
3    10 
3      7 
3      4 
3      0 
2      9 

FLin, 
5     1 

4      9 
4      5 
4      1 
3    10 
3      6 
3      3 
3      0 
2      9 
2      6 

Ft.  in. 
7     6 
6    11 
G      5 
0      0 
5      7 
5      2 
4      9 
4      5 
4      0 
3      8 

Ft.  in. 
G    10 
6     4 
5    11 
5     6 

4      8 
4      4 
4      0 

8      0 
7      6 
6    11 
6      5 

n     0 

Ft.  in. 
8  6 
7  11 
7  4 
6  10 
6      4 

6    10 

3      7 

;■-                  \ 

3     3,        , 

. 

Distance  firom  window  line  (at  floor)  to  north  end  of  pen. 

12  feet. 

14  feet. 

16  feet.                        iM.-i. 

Laliliul.'. 

NcH»n. 

10  a.  in. 
and 

2  p.  m. 

Noon. 

10  a.  m. 

and 
2  p.m. 

Noon. 

10  a.  ni. 

and 
2  p.m. 

Noon. 

10  a.  !n. 

and 
2  p.  m. 

Height  of  window. 

/•'/.  in. 
11      1 
10      4 
9     8 
9      0 
8      4 
7      9 
7      2 
6      7 
G      1 
5      7 

F,.in. 

10      2 
9      6 
8    10 
8      2 
7      7 
7      0 
G      6 
.•>    11 
5      5 
4     11 

Ft.  in. 
13,    0 
12      1 
11      3 
10      G 
9      9 
9      0 
8      4 
7      8 
7      1 
6      6 

Ft.  in. 
11    11 
11      1 
10      4 
9      7 
8    10 
8      2 
7      7 
G    11 
G      4 
5      9 

Ft.  in. 
14    10 
13    10 
12    10 
12      0 
11       1 
10      4 
9      G 
8    10 
8      1 
7      5 

Ft.  in. 
13      7 
12      8 
11      9 
10    11 
10      2 
9      5 
8      8 
7    11 

(i 

Ft.  in. 
IG      8 
15      G 
14      G 
13      G 
12      G 
11      7 
10      9 

•:•    11 

Ft.  in. 
15  4 
14  3 
13  3 
12  4 
11  5 
10  7 
9  9 
S     11 

MARCH  1. 

Distance  from  window  line  (at  floor)  to  north  end  of  pon. 

4  feel. 

Gfeet.             !             sfr.-i. 

lof 

..... 

LaUtnd. 

\cH)n. 

10  a.  m. 

and 
2  p.  m. 

Noon. 

10  a.  m. 
and 

2  p.  ni. 

1  10a.m. 

\'<M1I1                          I\ll<i 

'  ;i.  III. 

2  p.m. 

Height  of  window. 

.WdefowsN 

Ft.  in. 
5     2 
4    10 
4      G 
4      2 
3    11 
3      8 
3      5 
3      2 
2    11 
2      9 

Ft.  in. 
a     0 
4      7 
4      4 
4      0 
3      9 
3      6 
3      3 
3      0 
2    10 
2      7 

Ft.  in. 
7      9 
7      3 
6      9 
6      3 
5    10 
5      5 
5      1 
4      9 
4      5 
4      1 

Ft.  in. 
7      6 
6    11 
6     6 
6     0 
5      7 
5      3 
4    11 
4      7 
4      3 
3    11 

Ft.  in. 

10     4 
9      7 
9     0 
8      4 
7     10 

Ft.  in. 
9    11 
9     3 

8      7 

5  !! 

Ft.  in. 
12    11 
12     0 
11      3 
10     6 
9     9 

8     6 
7    11 
7      4 
C    10 

Ft.  in. 
12   5 

3-2doKre«N 

II    7 

•UdeKreesN 

10   9 

.V.r!per«>sN 

10    1 

:••-   ■            V 

9    4 

7      3           7      0 
G      9  >        f.      a 

8    9 

8    2 

1 .              s 

6      4 
5    10 
5      5 

6      1 
S     8 

5     S 

7    7 

4—;.     ■          \' 

7    0 

4^    .                 N'   .  . 

G    G 
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HOG  HOUSES. 
MARCH   1 — Continued. 


T^atitude. 


30  degrees  N 
32  degrees  N 
34  degrees  N 
36  degrees  N 
38  degrees  N 
40  degrees  N 
42  degrees  N 
44  degrees  N 
40  degrees  N 
48  degrees  >f 


Distance  from  window  line  (at  floor)  to  north  end  of  pen. 


12  feet. 


Noon. 


10  a.  m. 

and 
2  p.  ni. 


14  feet. 


Noon. 


10  a.  m. 

and 
2  p.  ni. 


16  feet. 


Noon. 


10  a.  m. 

and 
2  p.m. 


18  feet. 


Noon. 


Height  of  window. 


Ft.  in. 

Ft 

in. 

Ft. 

in. 

Ft. 

in. 

Ft. 

in. 

Ft.  in. 

Ft.  in. 

15   6 

14 

11 

18 

1 

17 

4 

20 

8 

19  10 

23   3 

14   5 

13 

10 

16 

10 

16 

2 

19 

3 

18   6 

21   8 

13   5 

12 

11 

15 

8 

15 

1 

17 

n 

17   3 

20   2 

12   7 

12 

1 

14 

8 

14 

1 

16 

9 

10   1 

18  10 

11   8 

11 

3 

13 

8 

13 

1 

15 

7 

15   0 

17   7 

10  11 

10 

6 

12 

9 

12 

3 

14 

7 

14   0 

10   4 

10   2 

9 

9 

11 

10 

11 

5 

13 

7 

13   0 

15   3 

9   6 

9 

1 

11 

1 

10 

7 

12 

7 

12   1 

14   2 

8  10 

8 

5 

10 

3 

9 

10 

11 

9 

11   3 

13   3 

8   2 

7 

10 

9 

7 

9 

2 

10 

11 

10   5 

12   3 

10  a.  ni. 

and 
2  p.  m. 


Ft.  in. 

22  4 

20  9 

19  5 

18  1 

16  10 

15  9 


APRIL  1. 


Latitude. 


Distance  from  window  line  (at  floor)  to  north  end  of  pen. 


4  feet. 


6  feet. 


Noon. 


10  a.  m. 

and 
2  p.  m. 


8  feet. 


Noon. 


10  a.  m. 

and 
2  p.  m. 


10  feet. 


Noon. 


10  a.  m. 

and 
2  p.  m. 


Height  of  window. 


30  degrees  N 
32  degrees  N 
34  degrees  N 
36  degrees  N 
38  degrees  N 
40  degrees  N 
42  degrees  N 
44  degrees  N 
46  degrees  N 
48  degrees  N 


Ft.  in. 

Ft. 

in. 

Ft. 

in. 

Ft. 

in. 

Ft. 

in. 

Ft. 

in. 

Ft.  in. 

8   4 

8 

7 

12 

6 

12 

11 

10 

8 

17 

3 

20  10 

7   8 

7 

11 

11 

6 

11 

10 

15 

4 

15 

9 

19   1 

7   0 

7 

3 

10 

7 

10 

10 

14 

1 

14 

0 

17   7 

6   6 

6 

8 

9 

9 

10 

0 

13 

0 

13 

4 

10   3 

6   0 

6 

2 

9 

0 

9 

3 

12 

0 

12 

4 

15   0 

5   7 

5 

9 

8 

5 

8 

/ 

11 

2 

11 

() 

14   0 

5   2 

5 

4 

7 

9 

8 

0 

10 

5 

10 

8 

13   0 

4  10 

5 

0 

7 

3 

7 

5 

9 

8 

9 

11 

12   1 

4   6 

4 

7 

6 

9 

6 

11 

9 

0 

9 
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11   3 

4   2 

4 

4 

0 

4 

6 

5 

8 

5 

8 

7 

10   6 

Ft.  in. 
21  7 
19  9 
18  1 
10  9 
15    6 


Latitude. 


Distance  from  window  line  (at  floor)  to  north  end  of  pen. 


12  feet. 

14  feet. 

16  feet. 

18  feet. 

Noon. 

10  a.  m. 

and 
2  p.m. 

Noon. 

10  a.  m. 

and 
2  p.m. 

Noon. 

10  a.  m. 

and 
2  p.  m. 

Noon. 

10  a.  m. 

and 
2  p.  m. 

Height  of  window. 


30  degrees  N 
32  degrees  N 
34  degrees  N 
36  degrees  N 
38  degrees  N 
40  degrees  N 
42  degrees  N 
44  degrees  N 
46  degrees  N 
48  degrees  N 


Ft.  in. 

25  0 

22  11 

21  1 

19  6 

18  1 

16  9 

15  7 

14  6 

13  6 

12  7 


Ft.  in. 

Ft. 

in. 

Ft.  in. 

Ft.  in. 

F,. 

in. 

Ft.  in. 

25  10 

29 

2 

30  2 

33   5 

34 

6 

37   7 

23   8 

26 

9 

27  7 

30   7 

31 

7 

34   5 

21   9 

24 

8 

25  4 

28   2 

29 

0 

31   8 

20   1 

22 

9 

23  5 

20   0 

26 

9 

29   3 

18   7 

21 

1 

21  8 

24   1 

24 

9 

27   1 

17   2 

19 

7 

20  1 

22   4 

22 

11 

25   2 

16   0 

18 

2 

18  8 

20   9 

21 

4 

23   4 

14  11 

16 

11 

17  4 

19   4 

19 

10 

21   9 

13  10 

15 

9 

16  2 

18   0 

18 

6 

20   3 

12  11 

14 

8 

15  1 

16  10 

17 

3 

18  11 

Ft.  in. 

38  9 

35  6 

32  7 

30  1 

27  10 

25  10 

24  0 

22  4 

20  9 

19  4 
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29 


Latitude. 


Ofioenf^  N. 


window  line  (at  floor)  to  north  end  of  pea. 


4  feet. 


Nooa. 


10  a.  m. 

and 
2  p.  m. 


6  feet. 


Noon. 


10  a.  m. 

and 
2  p.  m. 


I'>  fwt. 


Noon. 


10  a.  m. 

and 
2  p.m. 


Noon. 


10  a.  m. 

and 
2p.  m. 


Height  of  window. 


Ft.  in. 

Ft.  in. 

Ft.  in. 

Ft.  in. 

Ft.  in. 

Ft.  in. 

17   7 

22   4 

26   4 

29   9 

35  2 

37  2 

15   1 

19   7 

22   8 

26   1 

30   3 

32  7 

13   3 

17   5 

19  10 

23   2 

26   5 

29  0 

11   9 

15   7 

17   7 

20  10 

23   6 

26  0 

10   6 

14   1 

15   9 

18  10 

21   0 

23  6 

9   6 

12  10 

14   3 

17   1 

19   0 

21  5 

8   8 

11   9 

13   0 

15   8 

17   3 

19  7 

7  11 

10  10 

11  10 

14   5 

15  10 

18  0 

7   3 

10   0 

10  11 

13   4 

14   6 

16  7 

6   8 

9   3 

10   1 

12   4 

13   5 

15  5 

Ft.  in. 
43    11 


LaUtuUo. 


Distance  from  window  line  (at  floor)  to  north  end  of  pen. 


12  feet. 


Noon. 


10  a.  m. 

and 
2  p.  m. 


14  feet. 


Noon. 


10  a.  in. 

and 
2  p.  m. 


16  feet. 


Noon. 


10  a.  m. 

and 
2  p.  m. 


18  feet. 


Noon. 


10  a.  m. 

and 
2  p.  ro. 


Height  of  window. 


•js  <it'i,Tees  N. 


Ft.  in. 
U      8 


1 
9 
2 
3 
8 
6 
7 

19  11 
18   5 


Ft.  in. 

Ft. 

in. 

Ft. 

in. 

Ft. 

in. 

Ft. 

in. 

Ft.  in. 

S2      8 

S2 

1 

61 

6 

59 

6 

70 

3 

67   0 

45   4 

45 

7 

52 

11 

52 

2 

GO 

5 

58   8 

39   8 

40 

7 

46 

4 

46 

4 

52 

11 

52   2 

35   2 

36 

5 

41 

1 

41 

7 

46 

11 

46   9 

31   7 

32 

11 

36 

10 

37 

7 

42 

1 

42   4 

28   6 

30 

0 

33 

3 

34 

3 

38 

0 

38   6 

25  11 

27 

5 

30 

3 

31 

4 

34 

7 

35   3 

23      9 

25 

3 

27 

8 

28 

10 

31 

8 

32   5 

21  10 

23 

3 

25 

5 

26 

7 

29 

I 

29  11 

20   1 

21 

6 

23 

6 

24 

7 

26 

10 

27   8 

Ft.  in. 

79  0 

08  0 

59  6 

52  10 

47  4 

42  9 

38  11 

35  7 

32  8 

30  2 
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ANTHRAX, 

WITH  SPECIAL  REFERENCE  TO  ITS  SUPPRESSION. 


BY 


HENRY   J.    WASHBURN, 

Senior  Pathologist^  Pathological  Division^  Bureau  of 
Animal  Industry. 


WASHINGTON: 

GOVERNMENT     PRINTING     OFFICE 
1911. 


LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Bureau  of  Animal  Industry, 
Washington^  D.  C. ,  February  17^  1911. 
Sir:  1  have  the  honor  to  transmit  herewith  a  paper  on  ^ ^Anthrax, 
with  Special  Reference  to  its  Suppression,"  by  Dr.  Henry  J.  Wash- 
burn, senior  pathologist  in  the  Pathological  Division  of  this  bureau. 
This  paper  was  included  in  the  Twenty-sixth  Annual  Report  of  the 
bureau,  but  in  order  to  make  it  available  for  wider  distribution  in 
pamphlet  form  in  response  to  requests  for  information  about  this 
disease,  I  respectfully  recommend  its  publication  also  in  the  Farmers' 
Bulletin  series. 

Respectfully,  A.  D.  Melvin, 

Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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ANTHRAX.  ^VTTII  SPECIAL  REFFT^FNCE  TO  ITS 

SUPPRESSION. 


NATURE  AND  HISTORY  OF  THE  DISEASE. 

Anthrax  may  be  defined  as  an  infection  due  to  specific  bacilli  which 
may  attack  every  species  of  domestic  mammal,  and  for  this  reason 
may  become  one  of  the  *T:reatest  scourges  of  animal  life.  Man  is  by 
no  means  immune,  although,  fortunately,  the  malady  as  it  appears  in 
the  human  subject  is  usually  less  acute  than  the  form  seen  in  cattle 
and  sheep.  This  is  probably  due  to  the  fact  that  the  lesions  in  man 
occur  most  frequently  from  infection  of  the  surface  of  the  hands  or 
feet,  while  cattle  and  sheep  are  more  likely  to  swallow  the  infectious 
germs  with  their  food,  thus  giving  the  germs  immediate  entrance  into 
the  animal  S3'stem,  where  they  can  exert  their  most  liarmfnl  influence 
without  check  or  control. 

Historians  record  an  outbreiik  of  anthrax  in  the  >(>iidi  oi"  Kiu«)}>e 
in  1613  which  started  with  the  cattle  and  spread  from  them  to  the 
populace,  ultimately  becoming  a  veritable  scourge  and  causing  the 
death  of  more  than  60,000  people.  From  this  it  is  very  evident  that 
the  disease  was  far  more  virulent  and  far  more  inclined  to  attack  all 
species  of  mammals  during  these  earlier  centuries  than  it  is  at  the 
present  day.  It  is  even  recorded  that  many  deer  and  other  varieties 
of  game  animals  were  destroyed  during  these  early  periods. 

At  the  present  time  cattle  and  sheep  are  the  chief  sufferers,  and  the 
outbreaks  appear  to  be  limited  to  animals  that  run  upon  low,  moist 
lands  of  a  more  or  less  mucky  character.  In  certain  regions  of  the 
country,  where  the  land  is  mainly  hilly,  it  has  been  found  that  pas- 
tures exist  in  which  there  are  wet,  low  places,  and  that  anthrax 
appears  every  season  among  the  cattle  of  these  farms  if  they  are 
allowed  to  pasture  upon  these  damp  areas,  but  when  go^xl  fences  are 
built  around  them  and  the  stock  is  kept  upon  the  dry  portions  of  the 
pasture  the  disease  quickly  disappears.  Should  the  fence  become 
broken  down,  allowing  cattle  to  invade  the  infected  area  at  certain 
seasons  of  the  year,  they  are  very  likely  to  contract  anthrax.  In 
fact,  certain  plats  of  ground  of  this  description  have  been  found  to 
retain  the  germs  of  anthrax  for  several  years,  a  circumstance  which 
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has  led  many  investigators  to  declare  that  the  anthrax  organism  has 
the  capability  of  growing  from  year  to  year  without  any  artificial 
aid  or  cultivation,  if  only  planted  upon  suitable  soil;  that  it  will 
sprout  and  grow,  producing  the  plant  and  later  the  seed,  thus  pro- 
viding a  perpetual  source  of  infection  for  the  stock  that  may  chance 
to  be  allowed  to  linger  on  this  area  of  growing  anthrax  plants. 

Because  of  the  remarkable  tenacity  with  which  certain  plots  of 
ground  retained  their  infection,  Pasteur  in  1880  reached  the  con- 
clusion that  the  carcasses  of  animals  dying  from  anthrax,  even 
though  deeply  buried,  retained  their  many  infectious  organisms  and 
supplied  them  with  such  an  amount  of  nutriment  that  they  continued 
to  multiply  for  years,  and  in  this  way  produced  an  immense  under- 
ground supply  of  virulent  anthrax  organisms.  He  decided  further 
that  these  living  infectious  germs  might  be  brought  to  the  surface 
at  any  time  through  the  agency  of  earthworms,  and  that,  having 
reached  the  surface,  they  offered  a  very  serious  menace  to  any  live 
stock  that  might  wander  into  that  vicinity.  These  suggestions  w^ere 
very  generally  accepted  by  the  medical  fraternity  and  for  some  years 
were  taught  as  illustrative  of  the  manner  in  which  anthrax  lurks  in 
certain  localities  for  years  at  a  time ;  but '  later  investigations  by 
Kitasato  have  shown  that  spore  formation  by  anthrax  bacilli  is  very 
incomplete  at  a  depth  of  18  to  20  inches  below  the  surface  of  the 
ground,  and  at  even  greater  depths  must  be  greatly  suppressed  by 
the  presence  of  the  products  of  decomposition.  Koch  has  further 
stated  that  earthworms  are  incapable  of  taking  up  anthrax  spores 
and  bringing  them  to  the  surface. 

Nevertheless,  the  fact  remains  that  certain  circumscribed  areas  of 
ground  remain  dangerous  to  stock  from  year  to  year.  It  is  still  an 
unsettled  question  whether  the  anthrax  germs  grow  and  multiply  each 
season  upon  infected  lands  when  conditions  of  moisture  and  warmth 
become  favorable  or  whether  the  ground  becomes  infected  at  some 
certain  time  with  bacilli,  from  which  spores  develop,  which  remain 
near  the  surface  of  the  ground  for  years  or  until  taken  up  by  some 
susceptible  animal. 

Careful  experiments  have  proven  that  anthrax  bacilli  flourish  and 
retain  their  virulent  properties  in  stagnant  water  for  at  least  twelve 
months,  and  certain  authorities  claim  to  have  observed  them  multiply- 
ing with  no  other  nourishment  than  that  afforded  them  by  muddy 
water. 

A  look  at  some  of  the  most  seriously  infected  localities  in  this  coun- 
try will  help  us  to  understand  the  conditions  which  tend  to  perpetuate 
the  infection.  Upon  the  rice  plantations  of  the  South,  where  the  fields 
are  annually  submerged  to  favor  the  starting  of  the  rice  plants,  many 
of  the  animals  used  in  the  cultivation  of  the  crops  contract  anthrax 
and  die  as  a  result  if  driven  over  the  infected  lands  after  the  water 
has  subsided  and  a  few  days  of  hot  weather  have  intervened. 
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Where  tanneries  are  located  upon  or  near  to  streams  there  is  fj^at 
danger  that  antluax  will  be  brought  to  them  upon  hides  and  then  be 
scattei*ed  over  the  low  lands  lying  downstream  from  the  point  where 
the  tanning  process  is  carried  on.  This  state  of  affairs  exists  es- 
pe<*ially  near  to  those  tanneries  which  work  upon  goat  or  sheep  pelts 
from  foreign  countries.  Infection  in  the  form  of  spores  adheres  to 
these  hides  so  persistently  that  ordinary  fumigation  fails  to  destroy 
it,  and  repeated  outbreaks  of  the  disease  occur  wherever  such  skins 
are  unpacked  and  manufactured  into  leather.  Tti  mnkiTVL'  timm;*'-*"  "^ 
this  danger  Professor  Law  writes: 

Since  18i)2  anthrax  has  prevailed  along  the  banks  of  the  Delaware  Hlver 
for  a  distance  of  40  miles  In  New  Jersey  and  Delaware,  destroying  from  70  to 
80  per  cent  of  the  farm  stock.  The  great  morocco  Industry  on  this  river  draws 
infected  bides  from  India,  China,  Russia,  Africa,  and  South  America,  and  the 
spores  are  carried  and  distributed  by  the  hides. 

Delafond  studied  the  vitality  of  anthrax  bacilli  in  18G0.  He  placed 
some  blood  from  a  sheep  dead  of  anthrax  in  a  glass  container  to  which 
free  access  of  air  was  granted.  This  was  kept  in  a  cool  place  at  a 
temperature  ranging  variously  from  45°  to  00°  F.  (10°  to  15°  C.). 
WTien  examined  at  the  end  of  the  fourth  day  it  was  found  that  the 
length  of  the  filaments  was  increased,  but  that  their  diameter  had 
remained  unchanged.  After  eight  to  ten  days  their  length  was  four 
or  five  times  as  great  as  when  first  brought  under  observation,  thus 
proving  that  a  veritable  growth  of  the  bacillus  had  taken  place  out- 
side of  the  animal  body  and  without  the  presence  of  animal  heat. 

In  a  letter  from  China  to  the  London  Lancet  we  read : 

The  disease  which  has  been  destroying  cattle  throughout  this  district  con- 
tinues its  ravages,  though  with  diminished  virulence,  probably  because  there  is 
now  a  scarcity  "of  susceptible  cattle.  The  mortality  has  varied  from  50  to  75 
per  cent  of  the  infected  animals.  To  determine  the  extent  of  the  disease  I  made 
inquiry  as  to  the  number  of  hides  exported  during  the  tirst  three  months  of  this 
year.  They  say  that  more  than  200,000  left  Peking,  and  that  half  a  million 
would  not  be  too  high  an  estimate  for  the  whole  district  As  no  cattle  are  being 
slaughtered,  this  represents,  approximately,  the  loss  of  cattle  from  the  plague. 

The  foreign  firms  that  export  hides,  wool,  bristles,  and  hair  are  In  the  hands 
of  Chinese  middlemen  who  roam  about  the  Interior  buying  here  and  there  from 
the  agricultural  classes.  I  have  been  over  some  of  the  factories  In  Tientsin 
and  have  observed  the  steps  they  take  to  clean  the  stuff  before  its  export. 
Bristles  and  hair  are  thoroughly  well  boiled  in  soda  solution,  wool  Is  roughly 
carded  and  shaken  free  of  as  much  dust  as  possible  by  machinery,  and  hides 
are  sorted  out  and  packed  with  naphthaline.  The  exporters  claim  that  any 
further  disinfection  than  is  now  given  would  spoil  their  goods  and  increase 
their  expenses. 

The  real  difficulty  does  not  lie  with  the  Bacillus  anthracis  but  with  its  spores, 
whose  natural  resistance  is  increased  by  their  being  embedded  in  the  grease 
and  dirt  of  the  material  while  it  is  being  dealt  with  In  wholesale  bulk  in  China. 
There  can  be  little  doubt  that  the  passage  home  through  the  Indian  Ocean  and 
the  Red  Sea  in  the  warm  hold  of  a  ship  is  all-conducive  to  their  propagation 
and  preservation,  so  that  when  the  time  comes  for  bristles  and  hair  being 
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carded  and  separated  out  by  workers  at  home  these  spores  are  liberated  in  an 
active  condition,  ready  for  human  infection  to  a  much  greater  extent  than  is 
the  case  in  China. 

Aside  from  the  danger  of  direct  infection  to  animals  pasturing  on 
infected  areas,  there  exists  the  added  danger  of  inoculation  through 
the  agency  of  hay  or  other  crops  that  have  been  grown  upon  infected 
areas  of  land.  The  process  of  drying  and  curing  the  hay  or  forage 
does  not  lessen  this  danger,  for  drying  favors  the  development  of 
spores,  and  these,  mingling  with  the  dust  and  fragments  of  the  dried 
forage,  may  be  taken  up  by  the  wind  and  blown  about,  or  may  cause 
serious  damage  simply  by  being  eaten  by  susceptible  animals. 

FORMS  OF  THE  DISEASE. 

The  disease  may  appear  in  one  of  three  forms — apoplectic,  acute, 
or  subacute. 

The  apoplectic  form  is  most  frequently  seen  attacking  cattle  or 
sheep  at  the  beginning  of  an  outbreak  before  the  animals  of  the 
vicinity  have  developed  any  degree  of  natural  immunity  to  the  infec- 
tion. Here  the  animals  present  symptoms  of  cerebral  apoplexy. 
They  reel  and  fall,  bloody  liquid  flow^s  from  the  body  openings,  and 
death  soon  follows.  If  the  body  is  opened  and  search  is  made  for 
evidence  of  disease,  it  may  be  quite  impossible  to  detect  any  definite 
lesions  or  any  change  in  the  tissues. 

The  acute  form  of  the  disease  develops  more  slowly,  but  becomes 
well  established  in  tw^elve  to  twenty- four  hours  after  the  premonitory 
symptoms  are  noticed.  In  these  cases  the  fever  is  intense  (104°  to 
107°  F.).  The  animal  is  greatly  prostrated.  Cerebral  congestion 
causes  excitement,  which  is  followed  by  drow^siness  and  staggering- 
gait.  There  is  frequent  passage  of  bloody  urine,  followed  by  con- 
vulsions and  death.  In  this  type  of  the  disease,  as  well  as  in  the 
apoplectic  form,  post-mortem  examination  of  the  carcass  may  fail  to 
reveal  any  definite  lesions. 

The  third  form  of  anthrax,  the  subacute,  is  the  most  common.  The 
symptoms  are  like  those  of  the  acute  form  except  that  they  are  of 
slower  development.  Instead  of  becoming  established  in  twelve  to 
twenty-four  hours,  one  to  seven  days  may  be  required.  The  fever  is 
very  high.  Serious  colics  are  often  present.  Local  anthrax  tumors 
appear  externally,  first  near  the  shoulders,  neck,  and  head,  and  are 
usually  due  to  local  injury  or  bruising,  which  gives  rise  to  a  collection 
of  bacilli  within  the  blood  vessels  of  the  part,  whose  resulting  inflam- 
mation gives  rise  to  the  swellings  or  carbuncles.  These  tumors  are  at 
first  hard  and  circumscribed,  but  later  become  cold,  insensible,  diffuse, 
and  fluctuating.  An  examination  of  the  carcass  of  an  animal  dead  of 
anthrax  of  the  subacute  form  will  probably  show  many  lesions  or 
alterations.     Hemorrhages  may  be  found  in  almost  all  parts  of  the 
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body.  Serous  infiltrations  may  be  present  beneath  mucous  mem- 
branes and  skin.  There  will  be  swelling  of  the  spleen,  the  liver,  and 
the  kidneys,  and  the  blood  will  be  of  a  nniddy  or  tarry  appearance 
and  incoatjulablo.  The  cavities  of  the  body  contain  more  or  less 
bloody  effusion,  and  the  lymphatic  glands  are  swollen  and  contain 
small  hemorrhages.  The  red  blood  cells  have  l)ecome  broken  down 
in  large  numbers  and  the  serum  of  the  blood  has  been  markedly 
reddened.  The  walls  of  the  intestines  may  appear  perfectly  normal, 
but  hemorrhages  are  frequently  seen,  especially  in  the  walls  of  the 
duodenum. 

The  subacute  form  is  the  one  most  commonly  met,  and  it  is  the  only 
form  which  responds  favorably  to  treatment.  Death  ensues  so 
quickly  in  the  other  two  forms  tliat  attempts  at  treatment  are  of  but 
little  use. 

Isolated  or  sporadic  cases  are  usually  of  ihc  subacute  form,  and 
are  frequently  limited  to  the  formation  of  a  tumor  or  carbuncle  at 
the  point  of  the  body  at  which  the  infective  germs  first  gained  their 
entrance. 

THE  ANTHRAX  BACILLUS. 

The  anthrax  bacillus  is  a  straight  rod  with  ends  slightly  concave. 
It  can  not  grow  without  the  presence  of  air,  but  will  grow^  in  temper- 
atures ranging  from  55°  to  10G°  F.  It  is  not  capable  of  motion.  It 
measures  4  to  6  /a  in  length  and  about  1  fi  in  breadth.  The  bacilli  mul- 
tiply by  fission,  or  dividing  into  two,  or  they  may  multiply  much  as 
corn  does  by  the  formation  of  seeds  or  spores,  which  sprout  and  pro- 
duce a  new  anthrax  plant  when  placed  under  suitable  conditions. 
This  simile  may  be  carried  further,  for,  like  a  tender  blade  of  corn, 
the  anthrax  plant  or  bacillus  may  be  destroyed  very  easily  by  the 
application  of  heat  or  cold,  but  the  seed  or  spore  will  resist  consider- 
able heat  and  is  unaflfected  by  freezing,  still  retaining  its  virulence  in 
spite  of  being  subjected  to  either  temperature. 

When  cultivated  artificially  and  grown  in  the  laboratory,  a  luxu- 
riant growth  may  be  obtained  by  planting  upon  any  of  the  culture 
media  commonly  used  for  bacterial  growth.  The  organisms  grow 
rapidly  and  produce  dense,  thick  clumps  on  potato,  gelatin,  agar,  or 
other  solid  material.  They  gi-ow  with  equal  readiness  in  fluid  media 
such  as  beef  broth,  milk,  etc.,  but  will  not  produce  spores  while  grow- 
ing in  media  of  this  character,  as  spores  ran  not  fl^^  -'  —  >  ow^'pt  in  the 
presence  of  free  air  or  oxj^gen. 

METHODS  OF  COMBATING  INFECTIOUS  DISEASES. 

Whenever  attempts  are  made  to  control  or  suppress  an  infectious 
disease  a  thorough  study  of  its  character  must  be  made,  as  the  meas- 
ures to  be  applied  will  very  largely  depend  upon  the  results  of  such 
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investigation.  Take  foot-and-mouth  disease,  for  instance.  This  has 
become  so  firmly  established  in  the  flocks  and  herds  of  certain  Euro- 
pean countries,  especially  in  the  southeastern  portion,  that  it  is  con- 
sidered almost  an  endemic,  and  while  the  stock  owners  are  constantly 
trying  to  suppress  the  disease,  they  never  go  at  it  with  the  fixed  pur- 
pose of  obtaining  its  complete  eradication.  But  in  this  country  the 
circumstances  are  very  different.  Here  the  outbreaks  have  only 
occurred  after  long  intervals,  and  in  every  instance,  save  one,  have 
been  traceable  to  some  definite  source.  The  number  of  animals 
attacked  in  each  outbreak  has  been  comparatively  small.  Hence,  in 
view  of  the  rapid  transmission  of  the  infection,  not  alone  by  sick 
animals,  but  by  men,  dogs,  or  chickens  that  may  chance  to  come  in 
contact  with  infected  cattle  or  stables,  any  dallying,  experimental 
measures  must  not  be  considered  for  a  moment ;  and,  taking  this  view 
of  the  matter,  the  immediate  slaughter  of  all  infected  and  exposed 
susceptible  animals  has  been  insisted  upon  each  time  that  the  disease 
has  appeared  within  the  borders  of  this  country. 

How  very  different  is  the  method  of  dealing  with  Texas  fever.  But 
these  differences  of  treatment  are  only  such  as  are  demanded  by  the 
differences  in  the  characters  of  the  two  infections.  Texas  fever  is 
known  to  be  dependent  for  its  origin  upon  the  bite  of  an  infected 
cattle  tick,  by  means  of  which  the  minute  parasite  which  destroys 
the  blood  cells  of  its  victims  gains  entrance  to  the  circulatory  system, 
and  multiplying  rapidly  breaks  down  so  many  blood  corpuscles  that 
fatal  fever  quickly  results.  To  obviate  this  disease,  all  that  is  neces- 
sary is  to  keep  the  cattle  free  from  contact  with  infectious  ticks  or 
to  immunize  them  by  the  careful  application  of  blood  or  ticks  under 
proper  precautions.  Present  endeavors  of  the  Bureau  of  Animal 
Industry  toward  the  suppression  of  Texas  fever  are  being  extended 
along  these  very  lines.  By  establishing  and  maintaining  the  Texas 
fever  quarantine  line,  it  is  preventing  southern  cattle  from  bringing 
dangerous  ticks  into  northern  pastures  where  their  presence  would 
quickly  act  as  a  scourge.  The  Bureau  is  also  doing  an  immense 
amount  of  work  in  removing  all  infectious  ticks  from  certain  regions 
of  the  South,  not  with  a  view  to  saving  the  cattle  of  these  regions 
from  death  from  Texas  fever,  because  they  have  become  immune  to 
that  disease,  but  for  the  purpose  of  making  these  cattle  more  valuable 
than  they  are  at  present,  as  they  may  be  given  free  bills  of  health 
for  shipment  to  northern  points  and  northern  markets  just  as  soon 
as  it  can  be  shown  that  they  originate  in  tick- free  districts. 

There  are  a  number  of  serious  contagious  diseases  which  terminate 
fatally  in  almost  every  case  of  attack.  For  these  no  treatment  is 
attempted,  but  preventive  measures  may  be  applied  with  the  greatest 
assurance  that  further  spread  may  be  stopped.  Such  is  rabies. 
Once  the  disease  develops,  no  known  treatment  will  avail  to  save  the 
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patient^s  life;  but  if  inoculative  treatment  is  applied  soon  after  the 
victim    is  bitten   by  the   rabid   dog  the  chances   for   recover\ 
excellent. 

In  studies  of  the  various  infectious  diseases  it  has  been  found 
that  one  of  the  most  desirable  means  of  preventing  their  extension 
is  to  furnish  the  susceptible  and  exposed  animals  \vith  artificial  im- 
munity. This  is  the  case  with  tuberculosis, -blackiegc  anthrax,  rabies, 
hog  cholera,  Texas  fever,  and  the  like.  Mfi^rry.  ani^nals  prove  to  Ix* 
naturally  immune  to  these  diseases,  while  ochefh  most,  be  made  im- 
mune by  inoculation  with  suitably  prepared  materials  before  they  are 
able  successfully  to  withstand  attacks  from  the..speciti<M>rganisms 
which  cause  the  several  nuiladies. 

Educated  investigators  the  world  over  have  txpe^ded..  a  vast 
amount  of  elTort  and  study  in  attempts  to  discover  and  perfect  the 
most  effective  and  at  the  same  time  the  most  practicably  »ueaii.s  of 
immunizing  animals  against  the  more  destructive  of  the  .infoctious 
diseases.  Immense  amounts  of  money  have  been  appropriated,  for 
the  advancement  of  these  researches,  both  from  governmental 'sources 
and  from  gifts  of  private  wealth.  The  goal  sought  by  these  searcliers 
along  lines  of  agricultural  interest  is  the  discovery  of  some  means 
by  which  immunity  may  be  conveyed  to  a  large  number  of  animals 
readily  and  at  slight  expense. 

VACCINATION  AS  A  PREVENTIVE. 

Satisfactory  immunity  is  readily  granted  to  cattle  at  the  present 
time  against  the  ravages  of  blackleg  or  symptomatic  anthrax,  through 
the  injection  beneath  the  skin  of  the  susceptible  animal  of  some 
material  containing  the  living  but  weakened  germ  of  the  disease. 
The  amount  of  this  material  is  so  graduated  that  it  causes  the  prompt 
development  of  the  very  disease  that  is  being  guarded  against,  but 
only  in  a  mild  and  comparatively  harmless  degree.  There  is  con- 
siderable elevation  of  temperature,  and  there  may  even  be  limited 
tumor  formation,  but  only  in  the  rarest  cases  does  this  type  of  black- 
leg, that  has  been  intentionally  produced  by  inoculation,  progress  so 
far  that  the  animal  is  seriously  injured.  The  value  of  artificially 
produced  immunity  in  the  struggle  against  this  disease  is  shown  by 
the  fact  that  the  losses  of  young  cattle  which  reached  from  15  to  20 
per  cent  in  certain  infected  localities  previous  to  the  discovery  of 
vaccine  treatment,  have  l)een  reduced  to  one-half  of  1  per  cent  at  the 
present  time  where  vaccines  are  used. 

It  is  at  once  apparent  that  hard  and  fast  conclusions  can  not  be 
drawn  favoring  vaccination  against  anthrax  from  results  obtained  in 
the  suppression  of  blackleg  by  the  use  of  blackleg  vaccine.  But  there 
are  a  sufficient  number  of  points  of  similarity  between  the  two  dis- 


12 

eases  to  justify  considering  the  two  together.  They  are  so  similar 
that  for  many  years  no  distinction  was  made  between  the  two  mala- 
dies, but  all  cases  were  called  anthrax. 

The  successful  vaccination  of  cattle  against  either  of  these  two 
troubles  must  consist  in  giving  the  animal  that  is  to  be  safeguarded  a 
sufficiently  severe  attack  of  the  disease  that  is  feared  to  provide  the 
body  tissues  with  such  a  degree  of  resistance  that  no  germs  can  be 
taken  into  the  system' an  fatal  numbers  and  remain  to  find  lodgment 
and  nurture  thei*e.  After  such  vaccination  the  animal  is  safely  pro- 
tected and  can. go. -with  perfect  safet}^  into  fields  that  would  have 
proven  deadly  before  the  vaccination  was  performed. 

Just'. how  this  immunity  is  obtained  is  still  an  open  question,  but  it 
is  very*  manifffst'that  the  attenuated  organism  is  able  by  its  growth 
to  affect  th^ .tissues  (some  say  the  animal  cells,  others  the  fluid  tissues) 
in  such  a,  manner  that  virulent  organisms  of  the  variety  presented  in 
the  vaccine  can  not  possibly  thrive,  and  without  the  rapid  multiplica- 
tion o|^  virulent  organisms  within  the  animal  tissues  there  can  be  no 
disease. 

Blackleg  vaccine  is  prepared  from  the  affected  muscle  of  an  animal 
dead'  of  that  disease.  Anthrax  vaccine  is  produced  by  the  cultivation 
in  beef  broth  of  pure  cultures  of  anthrax  bacilli,  hence  may  be  manu- 
factured in  unlimited  quantities  without  having  recourse  to  any 
animal  suffering  from  the  disease. 

Starting  with  a  thrifty  culture  of  anthrax  bacilli  growing  in  a 
flask  of  bouillon,  Pasteur,  in  1881,  by  a  series  of  experiments  found 
that  subjecting  it  to  a  temperature  of  108.6°  F.  for  twelve  days  would 
so  lower  the  virulence  of  the  organisms  that  they  would  only  excep- 
tionally cause  death  when  injected  into  rabbits.  Continuing  the 
attenuation  by  subjecting  the  bacilli  to  the  same  degree  of  heat  for 
twelve  days  longer,  or  twenty-four  days  in  all,  he  discovered  that  he 
had  in  his  possession  a  living  culture  of  anthrax  bacilli  that  had  lost 
its  power  for  killing  cattle,  sheep,  rabbits,  or  guinea  pigs,  although 
still  capable  of  killing  white  mice.  This  was  the  beginning  of  the 
practical  preparation  of  anthrax  vaccine,  for  he  soon  found  that  cattle 
or  sheep  when  inoculated  with  the  culture  of  twenty-four  days'  atten- 
uation would  survive  the  treatment  and  would  gain  a  very  material 
power  in  resisting  infection  from  inoculations  with  bacilli  of  a  high 
degree  of  virulence.  This  power  of  resistance  is  needed  to  enable 
them  to  withstand  the  injection  of  the  second  and  stronger  vaccine, 
which,  having  been  subjected  to  attenuating  heat  for  only  twelve 
days,  is  possessed  of  considerable  virulence. 

In  his  early  investigations  he  made  experiments  upon  a  flock  of  50 
sheep.  Half  of  these  were  vaccinated  with  his  attenuated  culture  of 
anthrax  bacilli.     Twelve  days  later  they  received  an  inoculation  with 
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stronger  vaccine,  and  forty  days  after  this  the  wliole  flock  was  inocu- 
lated with  a  virulent  anthrax  culturc.  Two  days  later  the  vaccinated 
animals  were  all  sound,  while  the  checks  were  all  dead. 

Following  this  striking  demonstration  by  Pasteur,  G0,000  sheep 
and  (5,000  cattle  were  at  once  treated  in  France.  The  following  year 
I  he  sjime  form  of  treatment  was  applied  to  270,000  sheep  and  to 
r>r),000  cattle.  Since  that  time  this  method  of  vaccinating  against 
anthrax  has  found  very  general  application  in  France  whenever  losses 
l.ave  occurred,  making  it  evident  that  certain  fields  or  pastures  have 
become  infected  with  anthrax  bacilli.  As  a  result,  Nocard  and  Le- 
ilainche  state  that  anthrax  has  disappeared  from  many  sections  in 
which  it  formerly  decimated  the  live  stock  and  that  the  medical 
doctors  at  the  same  time  reported  a  disappearance  of  mnliirnant  pus- 
tules from  among  their  human  patients. 

Soon  after  this  method  of  inmiunization  by  the  use  ui  aUiiiuaii^-d 
cultures  had  become  suitably  tested  and  perfected  in  France,  steps 
were  taken  to  supply  vaccinating  material  to  other  countries,  and 
reports  of  its  successful  application  were  soon  received  from  Russia, 
South  America,  Australia,  and  other  lands. 

Other  investigatoi-s,  fearing  to  use  the  living  anthrax  bacillus,  even 
though  greatly  attenuated,  have  turned  their  attention  to  the  produc- 
tion of  a  serum  that  should  possess  immunizing  powers  equal  to  those 
of  the  attenuated  organism.  The  immunity  granted  by  serum  inocu- 
lations becomes  effective  very  quickly,  but  does  not  last  long  unless 
reinforced  by  the  addition  of  virulent  material  at  about  the  time 
that  the  serum  is  injected.  At  first  the  virulent  material  was  in- 
jected a  few  days  after  the  serum  had  been  applied,  but  the  latest 
recommendations  are  that  they  should  be  given  simultaneously; 
wherefore  it  is  now  customary  to  inject  immunizing  serum  into  one 
ide  of  the  animaPs  neck  and  virulent  serum  into  the  other  side  be- 
fore releasing  it. 

Very  interesting  facts  have  been  disclosed  through  the  efforts  of 
various  investigators  to  perfect  sera  for  immunizing  in  outbreaks  of 
anthrax.  It  is  well  known  that  a  very  small  amount  of  virulent 
Ijlood  will  serve  to  convey  the  disease  from  an  anthrax  carcass  to  a 
iiealthy  animal.  A  fly  can  easily  carry  enough  on  his  proboscis  to 
kill  a  horse.  It  may  safely  be  admitted  that  a  single  drop  is  sufficient 
to  cause  the  death  of  a  horse;  yet  Sobernheim  has,  by  means  of  re- 
peated injections,  using  cultures  gradually  increasing  in  virulence, 
produced  such  a  high  degree  of  immunity  in  a  horse  that  it  withstood 
the  injection  into  its  veins  of  500  c.  c  (about  17  fluid  ounces,  or  more 
than  a  pint)  of  the  most  virulent  anthrax  culture  obtainable.  This 
is  a  good  illustration  of  the  word  "  immunity."  It  is  something  that 
this  horse  in  question  has  received  into  his  system  through  the  sev- 
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eral  inoculations  of  sera  that  enables  him  to  receive  unharmed  an 
injection  of  living  anthrax  fully  ten  thousand  times  as  large  as  the 
amount  that  would  have  sufficed  to  kill  him  previous  to  his  immu- 
nization. 

Another  peculiarity  discovered  by  investigators  along  these  lines 
is  that  a  culture  of  anthrax  bacilli  that  has  once  been  attenuated  can 
then  be  cultivated  indefinitely  without  necessarily  causing  any  altera- 
tion in  the  degree  of  its  virulence.  If  we  let  100  represent  the  viru- 
lence of  an  active,  fresh  culture,  and  10  the  degrees  of  virulence  in 
one  that  has  been  greatly  attenuated,  it  has  been  repeatedly  shown 
that  one  can  cultivate  the  attenuated  germs  for  many  generations 
without  causing  any  observable  alteration  from  this  virulence  rating 
of  10 ;  yet  it  only  requires  the  single  passage  of  this  material  through 
a  white  mouse  to  restore  its  virulence  at  once  to  approximately  100. 

In  this  country  the  Delta  lands  of  the  Mississippi  Valley  are  most 
thoroughly  permeated  with  anthrax  infection.  The  losses  through 
anthrax  have  there  been  enormous,  due  in  great  measure  to  the  large 
number  of  valuable  mules  owned  and  worked  upon  the  sugar  planta- 
tions. Dr.  W.  H.  Dalrymple  has  for  years  been  engaged  in  fighting 
this  plague  in  Louisiana,  and  he  reports  as  follows  on  the  results  of 
preventive  inoculation: 

Perhaps  the  most  convincing  evidence  of  the  beneficial  effect  of  this  method 
of  prevention  in  Louisiana  is  the  fact  that  those  localities  which  suffered  most 
from  yearly,  or  at  least  periodic,  epizootics  of  anthrax,  before  vaccination 
became  so  generally  adopted,  have  experienced  the  past  summer  a  wonderful 
degree  of  immunity  from  the  disease  which,  I  think,  we  must  attribute  to  the 
fact  that  the  use  of  the  lymph  is  now  almost  general  in  these  sections  and 
that  greater  attention  is  being  directed  to  the  more  careful  disposal  of  the  dead 
animal,  our  people  more  fully  appreciating  its  being  the  chief  source  from  which 
this  most  deadly  disease  is  spread. 

I  believe  we  are  gradually  solving  the  anthrax  problem  in  the  Pelican  State, 
and  the  progress  we  have  already  made  is,  I  think,  considerable  and  fairly 
satisfactory  when  we  take  into  account  the  erroneous  and  visionary  ideas  which 
prevailed  up  to  ten  or  twelve  years  ago  regarding  the  true  nature  of  the  disease 
and  the  most  potent  factors  in  causing  its  spread. 

I  question  very  much  if  ten  years  ago  a  single  dose  of  preventive  vaccine 
was  used  or  an  anthrax  carcass  destroyed  as  a  sanitary  precaution  against  the 
spread  of  the  disease  in  our  State.  To-day  there  are  probably  40,000  or  50,000 
doses  of  vaccine  used,  and  carcasses  are  being  much  more  carefully  looked  after, 
which  I  feel  indicates  some  progress  at  least. 

The  material  which  Doctor  Dalrymple  used  so  successfully  and 
which  called  forth  the  above  encouraging  report  was  manufactured  in 
accordance  with  Pasteur's  findings  and  consisted  of  a  double  inocula- 
tion with  attenuated  anthrax  cultures. 

In  carrying  out  tests  for  the  determination  of  the  reliability  of 
attenuated  living  cultures  the  Bureau  of  Animal  Industry  has  suc- 
ceeded in  immunizing  test  animals  to  such  a  perfect  degree  that 
they  were  able  to  withstand  subcutaneous  injections  of  extremely 
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virulent  anthrax  cultures.    Cattle,  sheep,  goats,  burros,  and  a  mule 
wert*  subjected  to  these  fortifying  inoculations,  and  were  later  proven 

(()  he  ininnine  to  anthrax.  Tlie  first  injection  caused  but  slight  dis- 
turbance of  the  health  of  any  animal,  and  only  slight  elevation  of 
icniperature.  The  second  injection  resulted  in  somewhat  higher 
ii'niperatures,  and  in  a  few  cases  in  transient  indifference  to  feed, 
riie  final  test  of  their  inununity  was  made  with  a  pure  culture  of 
anthrax  bacilli  of  the  highest  degree  of  virulence  obtainable.  The 
application  of  this  severe  test  soon  resulted  in  very  high  tem|>eratures 
and  in  ratlier  general  refusal  of  feed  for  a  day  or  two;  but  this  test 
far  exceeded  in  severity  any  chance  for  infection  that  the  animals 
could  have  incurred  by  pasturing  over  infected  lands.  Pure  anthrax 
bacilli  were  forced  into  the  tissues  in  great  numbers,  and  the  ultimate 
iirvival  and  full  recovery  of  the  animals  after  this  severe  treatment 
olfers  the  best  possible  argument  in  favor  of  preventive  inoculation 
in  all  cases  in  which  animals  are  positively  known  to  be  exposed  to 
contact  with  anthrax  bacilli  in  infected  stables  or  pastures. 

The  material  used  in  vaccinating  against  anthrax  has  many  dan- 
gerous properties,  since  it  contains  living  anthrax  organisms;  hence 
it  should  never  be  used  except  in  regions  in  which  the  disease  has 
already  appeared,  and  it  should  be  used  only  by  qualified  veteri- 
narians, as  careless  handling  might  result  in  the  serious  extension  of 
the  very  disease  that  it  was  desired  to  eradicate.  Vaccines  for  this 
work  should  be  obtained  from  reliable  manufacturers,  as  the  use  of 
weakened  or  diluted  material  can  only  lead  to  disappointing  results. 

The  season  of  the  year  in  which  the  vaccination  is  undertaken 
makes  considerable  difference  in  results,  for  it  has  been  shown  that 
there  is  a  natural  tendency  toward  the  suppression  of  the  disease  in 
the  infected  plats  of  ground  during  the  winter  months. 

OTHER  PREVENTIVE  MEASURES. 

In  future  attempts  to  eradicate  anthrax  from  infected  districts 
preventive  inoculation  will  undoubtedly  play  a  very  important  part. 
But  there  are  many  other  steps  which  should  be  taken  into  considera- 
tion in  addition  to  the  vaccination.  Infected  areas  should  be  thor- 
oughly drained  and  kept  under  cultivation  for  some  time  before 
attempts  are  made  to  pasture  stock  upon  them.  Sunlight  greatly 
hinders  the  development  of  anthrax  bacilli,  and  the  repeated  stirring 
of  the  soil  favors  the  action  of  the  sun's  rays. 

The  complete  destruction  of  all  anthrax  carLa--i.>  i-  al.-^o  a  very 
important  matter.  This  is  best  accomplished  by  burning,  but  as  this 
method  of  disposal  is  impractical  in  many  localities,  deep  burial  may 
be  practiced  instead.  Covering  the  carcasses  within  their  graves  with 
quicklime  adds  another  valuable  precaution  against  further  dissemi- 
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nation  of  the  infection.  No  animal  dying  from  anthrax  should  ever 
be  skinned  or  cut  open,  as  the  blood  from  such  sources  is  one  of  the 
most  dangerous  means  of  spreading  the  infection,  being  charged 
while  in  the  animal  with  great  numbers  of  bacilli,  which  quickly  turn 
into  spores  as  soon  as  spread  about  upon  the  surface  of  the  ground. 
All  discharges  from  the  body  openings  should  also  be  burned  or 
buried  deeply,  as  these  are  frequently  of  a  virulent  character. 

One  of  the  most  common  obstacles  to  sanitarj^  police  control  of  out- 
breaks of  anthrax  is  the  opposition  of  the  owners  of  the  affected  ani- 
mals to  an}^  regulation  which  requires  them  to  dispose  in  a  safe  and 
satisfactory  manner  the  cadavers  of  animals  dying  from  the  disease. 
Many  localities  have  failed  to  secure  legal  enactments  demanding 
suitable  destruction  of  infectious  carcasses,  and  others  which  have 
laws  upon  their  statute  books  have  an  opposing  public  opinion  that 
largely  nullifies  the  real  intent  and  purpose  of  the  law,  with  the  result 
that  carcasses  filled  Avith  deadl}^  material  are  allowed  to  lie  about  in 
the  fields  to  be  scattered  by  prowling  dogs  or  birds ;  or  they  may  be 
dragged  to  the  nearest  stream  and  thrown  into  the  water,  only  to  be 
floated  along  bearing  their  infection  to  neighboring  properties.  A 
little  practical  application  of  the  golden  rule  by  interested  stockmen 
would,  under  these  circumstances,  not  only  prove  beneficial  to  their 
neighbors,  but  the  benefits  would  be  felt  upon  their  own  properties 
in  later  seasons.  It  is  imperative  that  all  carcasses  of  animals  dying 
from  anthrax  should  be  safely  burned  or  buried  if  the  eradication  of 
the  infection  is  ever  to  be  reached. 

There  are  some  encouraging  features  to  be  noted  in  connection  with 
outbreaks  of  anthrax.  One  of  these  is  the  limitation  of  the  infection 
to  certain  restricted  areas.  Another  is  that  the  disease  does  not  sweep 
across  a  whole  State  in  a  few  days,  as  foot-and-mouth  disease  is 
inclined  to  do.  A  third  is  that  drainage  of  the  infected  parcels  of 
ground  usuall}^  removes  the  danger.  So  let  those  who  have  suffered 
losses  of  stock  from  anthrax  take  courage  and  resolve  to  ward  it  off 
in  the  future  by  fencing,  draining,  and  plowing  infected  plats,  by 
burning  or  burying  deeply  all  infected  carcasses,  and  by  the  vaccina- 
tion of  the  healthy  animals  that  are  unavoidably  exposed.  Such 
methods  will  lessen  the  losses  and  cause  the  gradual  disappearance 
of  the  plague. 


[A  list  giving  the  titles  of  all  Farmers'  Bulletins  available  for  distribution 
will  be  sent  free  upon  application  to  a  Member  of  Congress  or  the  Secretary 
of  Agriculture.] 
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LETTER  OE  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Washington,  D.  C,  February  18,  1911. 
Sir:  We  have  the  honor  to  transmit  herewith,  and  to  recommend 
for  pubHcation  as  a  Farmers'  Bulletin,  a  manuscript  entitled  ''Spray- 
ing Peaches  for  the  Control  of  Brown-Rot,  Scab,  and  Curculio,"  by 
W.  M.  Scott,  of  the  Bureau  of  Plant  Industry,  and  A.  L.  Quaintance, 
of  the  Bureau  of  Entomology. 

The  loss  to  the  peach  growers  of  the  United  States  from  brown-rot, 
scab,  and  curculio  amounts  to  millions  of  dollars  annually,  and  until 
recently  there  has  been  no  effective  means  of  preventing  this  great 
shrinkage.  Experiments  conducted  by  this  department  during  the 
past  four  years,  however,  have  abundantly  demonstrated  that  these 
troubles  can  be  thoroughly  controlled  at  a  small  cost.  The  results 
of  experiments  and  demonstrations  conducted  during  1910  and 
instructions  for  the  application  of  the  treatment  are  contained  in  the 
accompanying  manuscript. 

Respectfully,  Wm.  A.  Taylor, 

Acting  Chief,  Bureau  of  Plant  Industry, 
L.  O.  Howard, 
Chief,  Bureau  of  Entomology. 
Hon.  James  Wilson, 

Secretary  of  Agriculture, 
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SPRAVIXr,  PEACHES  EOR  THE  CONTROL  OF 
BR()\V\-KOT,  SCAR,  AND  CURCULK). 


INTRODUCTION. 

The  peach-growing  industry  in  the  United  States  at  the  present 
time  has  become  a  very  important  one,  boinjj  second  in  extent  amonj? 
fruits  only  to  the  cuUivation  of  the  appk\  According  to  the  1900 
census  there  were  in  the  territory  east  of  the  Rocky  Mountains,  which 
is  subject  to  the  troubles  treated  in  this  Indict  in,  approximately 
91,000,000  bearing  peach  trees.  Since  that  time  the  number  of 
bearing  trees  has  increased  by  perhaps  one-fourth,  making  a  possible 
total  of  11.3, 750,000  trees.  Careful  estimates  indicate  that  the 
(juantity  of  fruit  annually  harvested  by  peach  grower's  in  this  terri- 
tory is  not  less  than  10,000,000  bushels.  Thus  the  crop  for  1910, 
although  an  unusually  large  one,  was  for  the  territory  mentioned, 
probably  not  Jess  than  12,000  000  bushels,  ^\^th  a  gross  valuation  of 
about  $12,000,000  to  $16,000,000. 

Although  many  insects  and  parasitic  lungi  occur  on  tlie  j)cach, 
comparatively  few  are  of  much  economic  importance.  Of  the  dis- 
eases of  the  peach,  the  browTi-rot  (Sclerotinia  fructiqena  (Pers.) 
Schrot.)  and  scab,  or  black-spot  {Clados porium  carpophilnm  Thiim.), 
are  responsible  for  practically  all  of  the  damage  to  the  fruit  crop  and 
the  insect  injury  is  Hmited  almost  entirely  to  the  attack  of  one 
species,  the  plum  curculio  {Conotrachelus  nenuphar  Ilerbst.). 

The  brown-rot  probabh'  causes  more  loss  to  peach  growers  than  all 
other  maladies  of  the  peach  combined,  with  perhaps  the  exception  of 
"yellows,"  which  kills  the  trees  outright.  In  the  wSouth  the  bro\ni- 
rot  often  causes  the  destruction  of  half  or  even  practicall3'  all  of  the 
crop,  and  throughout  the  territory  under  consideration  the  annual 
shrinkage  in  yield  is  perhaps  25  to  35  per  cent  of  the  crop,  representing 
a  valuation  of  about  $3,000,000  to  $4,000,000.  Although  the  brown- 
rot  is  always  present  in  the  peach  orchards  of  humid  sections,  causing 
a  rotting  of  a  certain  proportion  of  the  fruit,  it  becomes  notably 
destructive  only  under  certain  w^eathcr  conditions,  when  within  a 
period  of  10  days  or  two  weeks  it  will  spread  so  rapidly  as  to  result 
in  the  destruction  of  practically  the  entire  crop.     Such  disastrous 
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outbreaks  are  likely  to  occur  during  moist,  humid  weather  as  the 
fruit  begins  to  ripen.  The  brilliant  prospects  of  the  orchardists  are 
thus  within  a  few  days  obliterated  as  if  by  fire. 

The  peach  scab  is  the  only  other  destructive  disease  of  the  fruit  in 
the  eastern  United  States,  and,  while  it  does  not  occur  in  such  sud- 
den and  disastrous  outbreaks,  the  sum  total  of  the  injuries  caused 
by- it  are  very  important,  resulting  in  a  shrinkage  in  crop  values  of 
perhaps  $1,000,000  annuall}'.  This  disease  occurs  all  over  humid 
America  where  the  peach  is  grown  and  is  especially  troublesome 
east  of  the  Allegheny  Mountains.  It  not  only  renders  much  of  the 
fruit  unfit  for  market,  but  so  mars  the  appearance  of  the  marketed 
fruit  as  to  reduce  its  value. 

The  plum  curculio  is  of  scarcely  less  importance  in  its  relation  to 
the  successful  production  of  the  peach  than  the  diseases  above  men- 
tioned. By  its  punctures  of  the  fruit  in  feeding  and  egg  laying  and 
the  injury  resulting  from  the  larv8D,  or  grubs,  within  the  fruit  it  brings 
about  a  reduction  in  yield  of  a  valuation  amounting  to  perhaps  not 
less  than  $3,750,000  annually.  The  puncturing  of  the  fruit  also 
greatly  favors  the  brown-rot,  and  curculio  control  is  a  prime  essen- 
tial in  preventing  losses  from  this  malady.  Although  the  plum 
curculio  is  very  generally  distributed  eastward  of  the  Rocky  Moun- 
tains, it  is  especially  abundant  in  the  Middle  and  Southern  States. 
During  years  of  full  fruit  crops  its  injuries  are  less  important,  sim- 
ply more  or  less  thinning  the  fruit;  but  when  the  crop  is  light  little 
fruit  may  escape  its  ravages. 

The  troubles  mentioned  have  more  than  kept  pace  with  the  devel- 
opment of  the  peach-growing  industry,  and  the  cultivation  of  this 
crop,  especially  in  the  South,  has  become  more  and  more  hazardous. 
Practical  means  for  their  control  have,  therefore,  been  most  urgently 
needed,  and  much  attention  has  been  given  by  investigators  of  the 
Department  of  Agriculture  and  of  the  various  agricultural  experi- 
ment stations  to  supply  this  want.  While  it  has  been  possible  by 
tbe  use  of  certain  sprays,  such  as  Bordeaux  mixture  and  Paris  green, 
to  effectively  reduce  these  troubles,  the  sensitiveness  of  the  foliage 
and  fruit  of  the  peach  has  practically  prevented  their  employment, 
and  the  peach  grower  has  been  almost  helpless  against  them.  A 
spray  effective  in  the  control  of  these  troubles  and  which  at  the  same 
time  may  be  used  with  perfect  safety  on  the  trees  and  fruit  has  been 
the  most  important  requirement  to  place  the  industry  on  a  reason- 
ably secure  foundation. 

Experiments  begun  by  the  Bureau  of  Plant  Industry  some  three 
or  four  years  ago  and  carried  out  under  varying  climatic  and  other 
conditions  in  different  parts  of  the  eastern  United  States  have  estab- 
lished beyond  question   the   effectiveness   of   the  self-boiled  lime- 
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sulphur  wasli  for  the  contn>l  of  tho  fungous  trouhlos  mentioned. 
Karlior  ox|>erinionts  by  the  Buroau  of  Kntoniolotry  ha<l  already 
shown  tliat  hy  the  projx^r  use  of  arsenate  of  lead  the  currulio  could 
Ik»  larjrely  eontrolled,  thouj]:h  on  account  of  (lanj2:cr  of  folitige  injury 
its  use  had  not  l)<»en  untjualifiedly  reeonunended.  (\)o|x»rative 
ex|)ennients  In^tween  the  two  bureaus  have  shown  that  the  funj^icide 
and  arsenical  may  be  used  as  a  combined  spray  with  satisfactory 
H'sults  in  controlling;  these  troubles  and  without  injury  to  the  fruit 
and  folia<::e  of  the  peach.  Hence,  there  is  now  available  a  satisfactory 
method  for  the  control  of  these  three  serious  obstacles  to  successful 
|)each  culture. 

In  the  following  pa<i:es  the  brown-rot,  peach  scab,  and  curculio  arc 
treated  with  reference  to  their  occurrence  on  the  peach,  and  residts 
are  pjiven  of  experiments  and  demonstrations  in  their  control  con- 
ducted jointly  by  the  Bureau  of  Plant  Industry  and  the  Bureau  of 
Entomology  during  1910.  The  writers  were  assisted  in  this  work  by 
E.  L.  Jenne  and  E.  W.  Scott,  of  the  Bureau  of  Entomology,  and  by 
J  n^Vu^  Punuu^  ..n.l  O.  W.  Kcitt,  of  t lic  Burcnu  of  Vhmi  T?w|n<itv. 

BROWN-ROT. 
NATXTRE   AND   CAUSE   OF  THE   DISEASE. 

Bro\\Ti-rot  is  a  fungous  disease  which  affects  the  stone  fruits,  such 
as  the  peach,  plum,  and  cherry,  and  to  a  less  extent  some  of  the  pome 
fruits,  such  as  the  apple,  pear,  and  quince,  producing  a  so-called  rot 
of  the  fruit  and  blight  of  the  twigs.  It  is  caused  by  a  fungus  known 
to  botanists  as  Sclerotinia  fructigena  (Pers.)  Schrot.  Brown-rot  is 
the  conmion  name  usually  applied  to  the  disease,  but  monilia,  the 
generic  name  of  the  imperfect  stage  of  the  fungus,  is  often  used  by 
some  of  the  older  fruit  growers. 

The  disease  appears  on  the  fruit  as  a  small  circular  brown  spot, 
which  under  moist,  warm  conditions  enlarges  rapidly,  soon  involv- 
ing the  entire  fruit  in  decay  (fig.  1).  The  spots  do  not  usually 
become  sunken,  and  the  fruit  remains  plump  until  almost  entirely 
decayed.  The  fungus  growing  in  the  tissues  of  the  fruit  breaks 
through  the  skin,  forming  small,  gra^^ish  tufts  of  spore-bearing 
threads.  These  tufts,  although  few  on  young  spots,  soon  become  so 
numerous  as  to  give  the  disea.sed  area  a  grayish,  moldy  appearance, 
which  is  responsible  for  the  term  "peach  mold"  sometimes  applied 
to  the  disease.  The  spores  w^hich  are  produced  in  great  abundance 
by  these  fungous  tufts  are  blown  by  the  wind  and  carried  by  insects 
and  birds  from  fruit  to  fruit,  tree  to  tree,  and  orchard  to  orchard. 
Finding  lodgment  on  the  fruit  under  favorable  conditions  of  tempera- 
ture  and   moisture,   these  spores  germinate,   producing  a   fungous 
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growth,  wliich  ramifies  and  kills  the  tissues.  These  dead  tissues  turn 
brown,  and  the  fungus  breaks  through  tlie  surface,  producing  another 
crop  of  spores.  The  process  is  very  rapid,  only  a  few  days  interven- 
ing between  one  generation  of  spores  and  another. 

DAMAGE   TO  THE   PEACH. 

Although  the  young  fruits  soon  after  the  petals  are  shed  may 
become  affected,  as  a  rule  no  marked  outbreak  occurs  until  the  fruit 
is  half  grown  or  larger,  and  the  greatest  destruction  is  wrought  at 
harvest  time.  The  fruit  crop  may  reach  maturity  in  perfect  condi- 
tion and  yet  be  destroyed  before  it  can  be  picked.  Moreover,  the 
fruit  may  become  affected  in  transit  or  after  reaching  the  market. 
It  is  no  uncommon  experience  among  peach  growers  to  have  a  car- 
load of  peaches  leave  the  orchard  in  apparently  good  condition  and 


^     Fig.  1.— Peaches  entirely  destroyed  by  brown-rot,  showing  gray  masses  of  spores  of  the  fungus. 

arrive  on  the  market  specked  and  practically  worthless,  owing  to  the 
brown-rot  fungus.  Through  handling  by  pickers  and  packers  some 
fruit  in  every  package  may  become  contaminated  with  spores  from 
a  few  diseased  fruits  in  the  orchard.  Enough  moisture  usually 
develops  in  the  car  to  germinate  the  spores,  and  if  the  refrigeration 
is  poor  the  fruit  is  Hkely  to  go  down  in  partial  or  total  decay  before 
reaching  the  consumer. 

The  fungus  also  attacks  the  blossoms  and  extends  from  these  into 
the  fruit-bearing  twigs,  often  girdling  them.  In  a  wet  spring  the 
fruit  crop  may  thus  be  materially  reduced,  although  this  form  of 
attack  is  only  occasionally  serious.     In  like  manner  the  fungus  may 
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extend  from  <lisc»a8eii  fruits  into  the  twij^.  Following  an  outbreak 
of  hrown-rot  on  tho  fruit,  thoso  twi<;  infections  mtiv  IxM-omo  so  sovoro 
as  ti>  i;ivo  the  trees  ti  hiijirlited  appearance. 

WINTER   STAGE   AND    SOURCE   OF   INFECTION. 

The  aflfecteil  fruits  larjjely  drop  to  the  ground,  although  many  of 
them  hang  on  the  trees  for  montlis.  They  ])ecome  dried  and  shriv- 
eled, and  at  this  stage  are  known  as  hrown-rot  mummies.  The  fun- 
gus passes  the  winter  in  these  munmiies,  which  form  iho  chief  souicc; 
of  infection  for  the  new  fruit  crop.  Wlien  moistened  by  spring  rains, 
the  mummified  fruits  on  the  trees  and  on  the  ground  become  cov- 
ered with  fruiting  tuffs  of  the  fungus.  pro(hiciug  countless  numbers 
of  spores. 

After  IS  uioiulis,  oi  al  ihc  cud  ol  llic  sccuud  wiulcr,  about  \\w, 
time  peach  trees  are  in  bloom,  there  arise  from  tho  nuimmies  on  the 
ground,  partly  or  entirely  covered  with  soil,  fruiting  bodies  repre- 
senting the  j)erfect  stage  of  the  fungus.  These  are  dark-brown 
somewhat  bell-shaped  disks,  resembling  toadstools.  In  them  are 
produced  an  abuntlance  of  ascospores,  which  rise  in  the  air  and  are 
wafted  by  the  wind.  These,  as  well  as  the  summer  spores  (conidia), 
serve  to  infect  the  blossoms  and  young  fruits.  The  j)r()pagation  of 
the  fungus  being  thus  so  abundantly  provided  for,  it  is  not  surprising 
that  a  crop  of  fruit  may  be  destroyed  without  much  warning. 

influj:nce  of  the  weather  and  insects. 

In  sections  where  the  browii-iot  is  ])revalent  the  spores  ai<'  piac- 
tically  omnipresc^nt,  and  only  favorable  conditions  for  their  geruii- 
nation  and  the  rapid  growth  of  the  fungus  are  required  to  start  an 
outbreak  of  the  ilisease.  The  most  important  factor  is  excessive 
moisture  in  the  form  of  rain,  which  not  only  favoi-s  the  production 
and  germination  of  the  spores  and  the  growth  of  the  fungus,  but  ren- 
ders the  fruit  soft  and  watery,  and  therefore  more  susceptible  to  the 
disease.  High  tem[)eratures  also  favor  the  diseiise,  although  the  fun- 
gus grows  readily  in  mild  summer  temperatures.  Prolonged  cloudy 
weather  with  frequent  light  showers  is  more  dangerous  than  a  hard 
rain  followed  by  clearing.  Warm,  muggy  weather,  when  the  fruit  is 
maturing,  is  often  disastrous  to  the  crop. 

Insects,  especially  the  curculio  and  certain  plaui  bugs.  j)lay  an 
important  part  in  the  distribution  of  the  sj)ores  and  the  infection  of 
the  fruit.  Although  the  fungus  under  favorable  conditions  is  ap|)ar- 
ently  able  to  pass  readily  through  the  unbroken  skin  of  the  fruit,  it 
is  greatly  aided  by  insect  abrasions.  In  the  proce.ss  of  feeding  and 
egg  laying,  the  curculio  punctures  the  skin  of  the  fruit,  opening  the 
way  for  the  fungus  and  in  many  cases  perhaps  actually  inserting  the 
sp>ores.  This  insect  may  render  spraying  for  brown-rot  partially 
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ineffective  by  breaking  the  sprayed  skin  of  the  fruit,  tlms  exposing 
the  flesh  to  attack.  In  the  treatment  of  the  disease  it  is,  therefore, 
important  to  combine  an  insecticide  with  the  fungicide  so  as  to  destroy 
the  beetles. 

TREATMENT. 

Experiments  conducted  by  the  Bureau  of  Plant  Industry  during 
the  past  four  years  have  shown  conclusively  that  this  disease  can  be 
controlled  by  the  use  of  self-boiled  lime-sulphur  mixture.^ 

A  schedule  of  applications  for  the  combined  treatment  of  brown- 
rot,  scab,  and  curculio  is  given  on  pages  38-40  of  this  bulletin. 

PEACH    SCAB. 

ECONOMIC   IMPORTANCE    OF   THE    DISEASE. 

Of  the  diseases  affecting  the  fruit  of  the  peach,  scab  is  second  only 
to  brown-rot  in  economic  importance;  in  fact,  it  is  more  destructive 


Fig.  2. — Peach  scab  on  Elberta  peaches,  showing  spots  and  cracks  caused  by  the  disease. 

than  brown-rot  in  some  of  the  mountain  districts.  It  dwarfs  the 
fruit  and  causes  premature  dropping,  thereby  reducing  the  yield;  it 
ruptures  the  skin,  opening  the  way  for  brown-rot  attacks;  and  it  mars 
the  appearance  of  the  fruit,  thus  lowering  the  grade  and  reducing  its 
market  value.  The  disease  is  common  wherever  peaches  are  grown 
east  of  the  Rocky  Mountains,  scarcely  an  orchard  being  entirely  free 
from  it.  In  some  cases,  especially  in  a  dry  season,  only  a  small  per- 
centage of  the  fruit  may  become  affected  and  with  only. a  few  small 
harmless  spots,  while  in  other  cases  the  entire  crop  may  become  so 
badly  affected  as  to  be  unmarketable.     If  the  loss  in  the  orchard 

1  Circulars  1  and  27  and  Bulletin  174,  Bureau  of  Plant  Industry,  U..  S.  Dept.  of  Agriculture. 
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and  the  reduction  in  market  value  are  both  considered,  it  seems  evi- 
dent that  a  loss  of  10  per  cent  of  the  total  value  of  the  peach  crop  in 
tht»  (>}ist»Mn  riiitod  States  is  caused  by  peach  seal). 

THE   NATURE   AND  CAUSE   OF  THE   DISEASE. 

The  name  commonly  applied  to  this  disease  is  "peach  seal* 
it  is  also  known  as  **black  spot"  and  "freckles"  and  in  some  di.stricts 
it  is  often  improperly  called  "mihlew."  It  is  caused  hy  the  fuu<^us 
CUidosporiutu  ciirjwph'iluiu  Thiim.,  which  grows  in  the  skin  of  the 
fruit,  |)roducing  small,  circular  dark-brown  spots.  When  numerous, 
these  sj)ots  give  the  fruit  a  smutty  or  l)Iackene<l  appearance  and 
cause  the  skin  to  crack  (fig.  2).  Fruit  badiv  aflVcted  does  imt  roach 
normal  size  and  often  drops  prematurely. 

The  fungus  also  attacks  the  twigs,  producing  bnnvn  spots,  in  which 
it  ])asses  the  winter.     These  s])()ts  nre  very  common  in  ])each  orchards, 


FiQ.  3.— Two  adult  curculios  on  a  young  peach.    (( t)nsid.r:ihly  inliirKtti. ) 

but  ...;  .  apparently  do  little  damage  to  the  twigs.  During  the 
spring  or  early  summer  the  fungus  growing  in  the  sjmts  produces 
olive-brown  spores  which  serve  to  infect  the  3'oung  peaches.  Simi- 
],.r  <noro<  ftpe  also  produccd  on  the  fruit  spots. 

THE   SUSCEPTIBILITY  OF  VARIETIES. 

Tl>ere  is  a  considerable  difference  in  varieties  as  to  their  .-^u.^ccpii- 
bility  to  peach  scab.  In  general,  the  late  varieties  are  much  more 
susceptible  than  the  early  varieties.     This  is  due,  in  part  at  least, 
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to  the  fact  that  the  fruit  of  the  late-maturing  varieties  is  exposed  to 
infection  over  a  longer  period  and  the  opportunity  for  the  develop- 
ment of  the  disease  is  greater.  Of  the  commercial  varieties,  the 
Heath  is  perhaps  the  most  susceptible;  in  fact,  the  disease  has  almost 
prohibited  the  growing  of  this  variety  except  in  a  small  way.  The 
Bilyeu  variety  is  also  badly  affected  and  the  disease  has  restricted 
its  culture  to  high,  well-drained  locations.  The  Salway,  Smock, 
and  most  of  the  other  varieties  that  ripen  after  the  Elberta  usuallv 


Fig.  4.— Deformed  ripe  peaches  resulting  from  feeding  and  egg-laying  punctures. 

suffer  rather  severely  from  this  disease,  wdiile  the  Elberta  may  be 
considered  somewhat  less  affected,  although  the  crop  of  this  variety 
often  becomes  badly  diseased.  The  varieties  that  ripen  earlier  than 
Elberta  are  as  a  rule  only  slightly  or  moderately  affected.  This  is 
especially  true  of  the  Carman,  Hiley,  Champion,  and  Belle.  On  the 
other  hand,  the  Mountain  Rose  and  Early  Rivers  are  quite  suscepti- 
ble to  the  disease. 

TREATMENT. 

The  development  of  the  self-boiled  lime-sulphur  mixture  as  a  fungi- 
cide has  made  possible  the  control  of  the  scab  without  injury  to  the 
fruit  or  foliage.     The  injury  produced  by  this  disease  may  be  almost 
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entirely  prevented  at  a  small  cost.     This  has  been  abundantly 
onstratcnl  throii<;h  experiments  rondiicteci  by  the  Bureau  of  Vlnnt 
Industry  durinjj  the  ])ast  three  or  four  years.'     The  schedide  of  a|>- 
plications  for  the  control  of  this  disease,  together  with  the  })rown-rot 
and  curculio,  is  pivcn  on  ]>afres  3S-40  of  this  l)ulletin. 

THE     PLUM     CURCULIO. 
WHAT  THE   CURCULIO   IS. 

The  curculio  is  a  small  snout  beetle  of  the  family  rurrulionidrp, 
wliich  contains  many  species  of  economic  importance.     The  adult 


Via.  5.— Peaches  shpwing  the  exudaUoa  of  fcum  from  curcuUo  punctures. 

insects  vary  somewhat  in  size,  but  will  average  about  three-sixteenths 
of  an  incli  in  length.  Figure  3  illustrates  two  beetles  on  a  newly  set 
peach,  all  considerably  enlarged.  In  the  course  of  its  growth  the  insect 
passes  through  four  stages,  namely,  the  egg^  larva,  pupa,  and  adult. 
The  larva,  or  grub,  is  the  small  whitish  worm  frequently  found  in 
ripe  peaches,  plums,  and  cherries  and  Is  well  known  to  lovers  of 
these  fruits. 

There  are  many  common  names  for  this  insect,  such  as  the  *'plum 
curculio,*'  "plum  weevil,"  ''peach  curculio,''  ''peach  worm,"  *'fruit 


t  Circulars  I  and  27  and  Bulletin  174.  Bureau  of  Plant  Indmtry,  U.  8.  Dept.  of  Agriculture. 
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weevil,"  '^ little  Turk/'  "ciirculio,"  etc.  The  name  here  used,  how- 
ever, is  perhaps  best  fixed  in  literature  on  economic  entomology  and 
has  been  adopted  for  this  species  by  the  Ajnerican  Association  of 
Economic  Entomologists. 

The  plum  curculio  is  a  native  American  insect  and  fed  originally, 
as  it  feeds  at  the  present  time,  on  wild  plums  and  other  wild  fruits, 
especially  Crataegus.  Its  injuries  were  noted  as  long  ago  as  1736, 
and  it  was  the  subject  of  an  extended  article  published  in  1804.     Our 

early  horticultural  litera- 
ture abounds  with  refer- 
ences to  its  depredations, 
especially  to  plums,  v/hich 
were  apparently  grown 
with  tlie  greatest  diffi- 
culty. 

So  far  as  is  known,  the 
plum  curculio  is  still  con- 
fmed  to  North  America, 
ranging  from  southern 
Canada  south  to  Florida 
and  Texas  and  west  to 
about  the  one  hundredth 
meridian.  It  appears  to 
be  restricted  in  its  west- 
ward spread  by  the  more 
arid  climate  of  the  Great 

FIG.  G.-reach  infested  ^vith  curculio  lan^a,  or  grub.  P^^ins  region.      It  is  prob- 

ably present  throughout 
its  entire  area  of  distribution,  but  is  especially  abundant  in  the 
Central  and  Southern  States. 


FOOD   PLANTS   AND   CHARACTER   OF   INJURY. 

Practically  all  stone  and  pome  fruits,  such  as  peaches,  plums,  apri- 
cots, nectarines,  cherries,  apples,  pears,  etc.,  are  used  by  the  curculio 
for  feeding  and  egg-laying  purposes.  Injury  is  done  by  both  the 
adult  and  larva.  The  former  punctures  the  fruit  in  feeding  and  in 
egg  laying,  and  the  grubs  live  within  the  fruit  and  spoil  it  for  market 
or  other  purposes.  The  character  and  extent  of  injury  vary  with 
different  fruits,  and  while  the  present  paper  deals  with  the  insect  as 
an  enemy  of  the  peach  the  statements  here  made  are  fairly  applicable 
to  other  stone  fruits,  such  as  plums,  cherries,  apricots,  and  nectarines. 
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^fost  of  the  peaches  puncturecl  while  small  soon  fall  from  tho 
effoct  of  tlio  injury  or  on  account  of  the  presence  of  tlie  <ievelo|)inpj 
grubs.  After  a  peach  is  of  some  size,  about  one  third  grown,  most  of 
Uie  larviB  apparently  are  unable  to  develop  successfully  in  it,  owing 
to  its  vigorous  growth.  There  is  a  considerable  period,  therefore, 
when  the  curculio  is  able  to  inflict  but  little  damage  to  vigorous- 
growing  peaches,  though  the  fruit  may  be  more  or  less  scarred  by 
the  fee<ling  and  0^!^^  ])unctures,  from  wliich  gum  may  exude,  espe- 
cially during  moist  weather  (figs.  4  and  5).  As  stated  elsewhere, 
these  punctures  and  the  exudation  of  gum  greatly  favor  the  brown- 
rot,  forming  a  nidus  for  s})ores  of  the  fungus  and  furnisliing  an  easy 
point  of  infection.  After  the  period  of  rapid  growth  of  pcac^hes  has 
passed  and  the  ripening  process  litis  begun,  the  curculio  larva  is  al)le  to 
develop  readily  in  the  fruit  and,  as  the  beetles  are  still  ovipositing 
when  early  and  midsununer  varieties  are  ripening,  wormy  ripe 
peaches  are  often  to  be  noted  at  picking  time.  The  loss  caused  by 
worminess  of  fruit  (fig.  6),  while  often  (juite  important,  is  perhaps 
less  so  than  that  resulting  from  the  "stings"  which  deform  and  scar 
the  fruit.  Wormy  fruit  and  that  which  is  scarred  to  any  extent 
ripen  prematurely,  as  a  rule,  and  in  untreated  orchards  may  consti- 
tute a  considerable  proportion  of  the  crop. 

LIFE   HISTORY   AND   HABITS. 

How  the  curculio  passes  the  winter.  The  curculio  passes  the  winter 
in  the  adult  or  beetle  stage  under  trash  in  orchards,  along  fences, 
terraces,  etc.,  but  especially  in  woods  adjacent  to  orchards.  The 
beetles  come  out  of  hibernation  in  the  spring  at  about  the  blooming 
period  of  the  peach,  feeding  at  first  upon  the  buds  and  foliage  and 
later  also  upon  the  fruit. 

Occurrence  in  orchards. — The  invasion  by  the  beetles  of  orchai^i.^  .ii 
spring  and  the  effect  on  their  abundance  of  neighboring  woods  have 
been  several  times  investigated.  Much  may  be  done  to  reduce  their 
number  by  keeping  the  orchards  and  surroundings  free  from  trash. 
AMiere  practicable,  it  will  be  desirable  to  burn  over  in  early  spring 
woods  adjacent  to  orchards  in  order  to  destroy  the  beetles  hiber- 
nating there.  Jarring  records  of  considerable  areas  of  peach  or- 
chards have  been  made  which  show  the  occurrence  of  the  curculio 
first  in  large  numbers  adjacent  to  woods,  terraces,  or  other  favoring 
places.  Table  I  shows  the  results  of  a  jarring  record  ma<le  by 
Messrs.  E.  W.  Scott  and  E.  L.  Jenne,  at  Barnesville,  Ga.,  during  1910. 
Figure  7  illustrates  the  arrangement  of  the  trees  with  respect  to 
their  surroundings. 
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Considering  the  results  of  the  jarring  records  for  the  individual 
rows,  the  influence  of  the  woods  is  very  evident.  A  total  of  476 
beetles  was  taken  from  rows  1  and  2,  adjacent  to  woods,  up  to  March 
23,  as  compared  with  a  total  of  61  beetles  from  the  remaining  eight 
rows.  Fifteen  days  after  the  emergence  from  hibernation  of  the 
beetles  began,  namely^by  March  25,  their  diffusion  had  become  quite 
general  all  over  the  orchard,  though  the  first  one  or  two  rows  always 
showed  on  a  given  date  a  greater  number  of  individuals  than  any 
other  TOW.  During  the  season  a  total  of  3,197  beetles  was  taken 
from  row  1,  or  42.64  per  cent  of  all  captured.  The  first  three  rows 
adjacent  to  the  w^oods  gave  for  the  season  4,813  beetles,  or  64.19  per 
cent  of  the  total  for  the  entire  plat.  Between  rows  9  and  10,  as 
shown  in  the  "diagram,  there  was  a  terrace  covered  with  grass  and 
trash,  and  its  influence  on  the  abundance  of  the  insects  is  also  to  be 
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Fig.  7.— Plan  of  a  block  of  peach  trees  jarred  for  the  curculio,  showing  the  arrangement  of  t!ie  trees. 

noted,  more  individuals  being  taken  on  these  respective  rows  than 
from  any  one  of  the  rows  4  to  8,  inclusive. 

The  Georgia  record  also  shows  that  beetles  were  out  in  maximum 
numbers  from  March  25  to  April  3,  or  about  10  days  to  2  weeks 
after  the  trees  w^ere  in  bloom.  During  this  period,  4,108  individuals 
were  captured,  or  54.79  per  cent  of  the  catch  for  the  season.  How- 
ever, during  all  of  May  and  June  the  beetles  were  fairly  abundant, 
but  they  diminished  perceptibly  during  July  and  August.  The 
increase  in  numbers,  evident  with  the  third  week  in  August,  is  per- 
haps due  to  the  appearance  of  beetles  developing  from  ripe  peaches 
or  those  of  a  second  generation,  for  the  development  of  which  some 
evidence  was  obtained  under  laboratory  conditions.  Apparently  all 
of  the  beetles  had  left  the  trees  for  hibernation  by  October  1 1 ,  as  after 
this  date  no  more  individuals  were  captured.- 
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Table  I.— Jarring  record  /or  the  plum  curculio  on  the  peach,  BarneMmlU,  Ga.,  1910. 


; 

Number  of  curcuUo  caught,  by  rows  and 

clat4». 

Dates  of 

Total. 

Jarring. 

Rowl. 

Row  2. 

Row  3. 

Row  4. 

Row  5. 

Row*. 

Row  7. 

Rows. 

Row  9. 

Row  10. 

Mar.  10.... 

16 

.0 

0 

0 

0 

0 

, 

0 

19 

14.... 

5 

1 

0 

1 

0 

0 

0 

1 

9 

16.... 

0 

1 

0 

0 

0 

0 

0 

1 

18.... 

S 

1 

0 

0 

0 

0 

0 

5 

21 ... . 

15 

1 

0 

1 

0 

0 

. 

20 

23.... 

406 

27 

10 

6 

0 

6 

7 

1 

15 

483 

25.... 

460 

140 

56 

45 

32 

13 

14 

15 

10 

49 

840 

28.... 

550 

125 

95 

5.S 

38 

33 

30 

33 

35 

74 

1,071 

30.... 

206 

77 

57 

30 

21 

24 

29 

21 

38 

54 

563 

Apr.     1.... 

186 

74 

54 

33 

18 

19 

23 

18 

54 

55 

634 

4.... 

92 

38 

45 

39 

32 

29 

37 

21 

45 

49 

427 

6.... 

93 

36 

38 

17 

10 

3 

2 

0 

10 

28 

243 

8.... 

71 

23 

21 

5 

3 

4 

3 

6 

9 

21 

166 

n.... 

54 

30 

16 

9 

10 

13 

7 

7 

17 

160 

13.... 

34 

13 

14 

3 

2 

5 

3 

6 

11 

95 

15.... 

31 

8 

8 

0 

3 

3 

1 

3 

9 

69 

18.... 

22 

10 

8 

3 

3 

5 

2 

5 

10 

72 

20.... 

5 

2 

0 

0 

0 

0 

0 

0 

4 

12 

22.... 

9 

11 

5 

2 

2 

1 

3 

7 

8 

53 

25.... 

5 

0 

1 

1 

0 

0 

2 

2 

15 

27...; 

3 

4 

0 

3 

2 

0 

J 

1 

16 

29.... 

23 

8 

9 

2 

3 

2 

4 

10 

26 

90 

May     2.... 

41 

21 

13 

7 

3 

7 

6 

10 

14 

125 

4.... 

33 

5 

5 

4 

2 

0 

2 

6 

15 

82 

6.... 

12 

3 

5 

3 

3 

0 

2 

10 

13 

52 

©.... 

7 

5 

2 

0 

1 

0 

0 

8 

5 

29 

11.... 

39 

14 

3 

6 

4 

2 

8 

8 

9 

8 

101 

13.... 

13 

3 

1 

0 

1 

1 

1 

0 

5 

6 

31 

16.... 

4 

1 

3 

0 

1 

0 

1 

0 

0 

0 

10 

18.... 

6 

1 

0 

2 

0 

0 

2 

1 

2 

4 

18 

20.... 

37 

11 

9 

5 

2 

4 

6 

4 

9 

11 

98 

23.... 

23 

6 

6 

3 

1 

2 

1 

4 

12 

61 

25.... 

18 

2 

3 

3 

0 

1 

2 

4 

4 

41 

27.... 

15 

10 

3 

2 

3 

1 

2 

4 

6 

49 

30.... 

17 

10 

2 

3 

2 

3 

2 

8 

7 

58 

June    1 

4 

1 

0 

2 

1 

0 

0 

2 

3 

15 

4.... 

10 

1 

1 

0 

2 

3 

0 

6 

5 

29 

7.... 

81 

46 

14 

8 

7 

8 

8 

16 

36 

231 

9.... 

55 

14 

17 

10 

6 

3 

12 

11 

30 

31 

189 

11.... 

21 

11 

6 

2 

4 

2 

3 

3 

4 

63 

14.... 

44 

17 

8 

5 

6 

5 

8 

15 

17 

127 

16.... 

36 

25 

13 

4 

4 

3 

4 

16 

19 

131 

18.... 

35 

21 

9 

4 

7 

6 

5 

21 

6 

122 

20.... 

15 

6 

7 

2 

1 

4 

1 

8 

8 

54 

22.... 

8 

2 

3 

2 

2 

0 

0 

8 

8 

34 

24.... 

16 

7 

2 

2 

3 

2 

2 

8 

3 

49 

27.... 

16 

5 

5 

2 

3 

3 

3 

2 

8 

51 

29.... 

6 

7 

3 

3 

0 

0 

0 

8 

29 

July     2.... 

4 

3 

2 

1 

0 

2 

1 

2 

1 

17 

5.... 

13 

3 

2 

0 

1 

0 

0 

2 

24 

8 

6 

4 

0 

0 

1 

0 

1 

0 

4 

16 

11.... 

4 

3 

1 

2 

0 

3 

1 

0 

5 

23 

25.... 

13 

5 

3 

2 

0 

0 

3 

4 

34 

29.... 

12 

6 

5 

0 

0 

0 

0 

2 

29 

Au;:.    2... 

10 

2 

1 

1 

0 

0 

1 

5 

24 

5.... 

J 

3 

2 

0 

0 

0 

0 

0 

. 

8 

8.... 

5 

2 

2 

0 

0 

0 

0 

0 

1 

10 

Sept.    2.... 

65 

10 

4 

1 

1 

3 

0 

2 

25 

119 

5.... 

36 

13 

8 

1 

2 

2 

0 

5 

8 

78 

10.... 

7 

1 

3 

1 

0 

2 

0 

0 

4 

18 

12.... 

32 

3 

4 

1 

1 

1 

2 

9 

57 

16.... 

14 

4 

2 

1 

0 

0 

1 

0 

2 

24 

23.... 

16 

5 

4 

2 

0 

0 

0 

1 

3 

32 

27.... 

3 

3 

0 

0 

0 

0 

0 

2 

9 

30 

8 

0 

1 

0 

0 

0 

0 

0 

1 

11 

Oct     4.... 

1 

2 

0 

0 

0 

0 

0 

0 

1 

4 

7.... 

3 

1 

0 

0 

0 

0 

0 

0 

5 

11.... 

13 

2 

1 

2 

0 

0 

0 

1 

. 

21 

15.... 

0 

0 

0 

0 

0 

0 

0 

0 

t) 

0 

18 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

22... 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Total. 

3.197 

975 

641 

393 

269 

229 

275 

227 

503 

788 

7,497 
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Egg-laying  habits. — Peaches  are  less  suitable  for  the  egg-laying 
purposes  of  the  curculio  than  smooth-skinned  fruits,  such  as  plums, 
apples,  etc.  Observations  by  Mr.  Jenne  indicate  that  the  fuzz  may 
be  so  copious  on  young  peaches  as  to  prevent  the  puncturing  of  the 
skin  by  the  beetle.  He  observed  that  eggs  were  frequently  deposited 
at  the  bottom  of  a  tubular  boring  excavated  down  in  the  fuzz  as  far 
as  the  skin  of  the  peach,  which  was  usually  scraped  somewhat,  later 
resulting  in  a  russet  spot  on  the  fruit.  In  older  fruit,  however,  the 
female  is  able  to  place  her  eggs  under  the  skin 
in  about  the  usual  manner.  In  ovipositing,  a 
hole  is  first  excavated  through  the  skin  and 
into  the  flesh,  about  as  deep  as  her  snout  will 
reach.  Turning  around,  an  egg  is  inserted  by 
means  of  the  ovipositor.  Once  more  turning 
around,  the  snout  is  used  to  push  the  egg  into 
the  egg  cavity  and  to  fill  it  with  bits  of  sur- 
rounding tissue.  The  next  step  is  to  cut  the 
characteristic  crescent  slit  at  one  side  of  the 
egg  cavity,  the  excavation  extending  back  un- 
der the  egg  to  prevent  its  being  crushed  by  the 
rapid  growth  of  the  fruit.  Egg  and  feeding 
punctures  on  a  newly  set  plum  are  shown  in 
figure  8,  much  enlarged. 

Period  of  oviposition  and  number  of  eggs 
laid. — Egg  laying  begins  as  soon  as  the  young 
fruit  is  of  sufficient  size  and  may  continue  for  several  months,  depend- 
ing upon  the  vitality  of  the  individual  beetles.  Most  of  the  eggs,  how- 
ever, are  laid  during  the  first  six  or  eight  weeks  after  egg  laying  begins. 
Many  records  of  the  number  of  eggs  deposited  by  the  curculio  in  plums, 
peaches,  apples,  etc.,  have  been  made  in  different  localities.  Some 
of  these  data  are  shown  in  Table  II.  A  total  of  12,602  eggs  is  shown 
from  the  seven  localities. 


Fig.  8.— Egg  and  feeding  punctures 
of  the  curculio  on  a  young  plum. 


Table  II. — Combined  weekly  egg-laying  records  of  the  plum  curcvliofor  various  localities 
and  the  percentage  of  eggs  deposited  within  two,  four,  six,  and  eight  weeks  from  con- 
finement. 


Num- 
ber of 
beetles 
ovipos- 
iting. 

Totalnumber  of  eggs  laid  each  week  by  all  beetles  of  the  respective  tocalities. 

Locality. 

First 
week. 

Second 
week. 

Third 
week. 

Foiuth 
week. 

Fifth 
week. 

Sixth 
week. 

Sev- 
enth 
week. 

Eighth 
week. 

For  re- 
main- 
der of 
period. 

College  rark,Md.... 
Youngstown,  N.  Y . . 

North  East,  Pa 

Washington,  .D.C... 
Myrtle,  Ga 

9 
8 
10 
4 
9 
29 
18 

496 
192 

81 
232 

58 
254 

72 

760 
186 
183 
213 
62 
300 
259 

414 
201 
197 
242 
41 
343 
329 

289 
234 
94 
153 
176 
673 
423 

192 
204 

54 
128 

50 
619 
229 

98 
140 

48 
108 

83 
545 

89 

46 
68 
18 
81 
48 
536 
13 

23 

61 

66 

21 

40 

350 

153 
32 
46 
46 

130 

Siloam  Springs,  Ark. 
Douglas,  Mich 

1,104 

Total..  . 

87 

1,385 

1,963 

1,707 

2,042 

1,476 

1,111 

810 

537 

i,5n 
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Table  ll.—Combirud  weekly  egg-laying  records  of  the  plum  curculio/or  various  localitiet 
arid  the  f)rrcrntage  of  egga  deposited  within  two.   '     r  •■  /  eight  werh    '-         :n 

Jimmcnt — Continued. 


LocAlity. 


T..t,.l 


of  eggs. 


Collcg*  Park.  Md....     2.471 

YoiiiiL'stown.N.Y..      I. -294 

'.Pa I       7>: 

n.D.C.i    l.::\ 
y 1 !      KVs 

hiioiuu  Sprlnes.  Ark . '    4. 724 
Douglas,  Mich 1.414 

Total I  12.G02 

Average  for  all  | 
lixalitifs 


Nuinbor  of  e«es  jmt  individual. 


Maximum.   Minimum 


436 
257 
122 
M7 
IM 
388 
201 


12U 

1 

4 

25 


274.56 
161.75 

78.70 
306.00 

76.44 
162.97 

78.56 


144.85 


Peroentase  of  total  effgx  dciM>sited 
by  end  of  - 


SecoDd 
week. 


60.83 
29.21 
33.55 
36.3ii 
17.44 
11.73 
23.41 


26.57 


Fourth 
week. 


79.28 
62.83 
70.  (i5 
68.63 
48.98 
33.23 
76.59 


50.79 


Sixth 
week. 


91.02 
89.40 
83. 4« 
87.91 
(>K.31 
57.88 
99.08 


77.32 


93.81 
97.53 
94.17 
9(i.24 
81.10 
76.63 
100.00 


88.01 


At  College  Park,  McL,  the  greatest  number  deposited  by  any  one 
female  was  426  and  the  minimum  62,  with  an  average  of  274.56  eggs 
for  the  individuals  under  observation.  At  Youngstown,  N.  Y.,  the 
maximum  is  257  and  the  minimum  72,  with  an  average  of  161.75 
eggs.  At  Washington,  D.  C,  under  laboratory  conditions,  a  single 
individual  deposited  557  eggs,  which  is  the  highest  of  all  records  thus 
far  obtained  for  this  insect;  the  lowest  number  dejKxsited  was  126 
and  the  average  for  the  4  beetles  under  observation  was  306.  At 
Myrtle,  Ga.,  this  range  was  from  154  as  a  maximum  to  a  minimum  of 
1,  with  an  average  of  76.44  per  individual.  At  Siloam  Springs,  Ark., 
the  records  include  an  unusually  large  number  of  eggs,  namely, 
4,724,  from  29  beetles.  These  records  show  a  maximum  of  388  and  a 
minimum  of  4  eggs,  with  an  average  for  all  pairs  of  162.07  eggs.  At 
Douglas,  Mich.,  the  records  show  a  range  from  201  to  25,  with  an 
average  for  the  18  individuals  of  78.56  eggs.  The  final  average 
number  of  eggs  j)er  female  for  all  locahties  nbovc  iiiciitioiuMl  is 
144.85,  with  a  range  of  from  1  to  557. 

As  shown  under  the  heading  *' Percentage  of  total  eggs  depo.sited 
by  end  of  second,  fourth,  sixth,  and  eighth  week,"  the  j)roportion 
deposited  by  a  given  time  varies  for  the  different  localities.  There  is, 
however,  a  general  agreement  in  that  the  great  majority  of  the  eggs 
have  been  placed  by  the  end  of  eight  weeks.  Approximately,  one- 
fourth  of  the  total  eggs  are  deposited  during  the  first  two  weeks; 
one-half  have  been  deposited  by  the  close  of  the  first  month;  three- 
fourths  within  si.x  weeks;  and  about  88  ]>or  rent  of  t])o  totn]  within 
eight  weeks  after  the  oviposition  begins. 

Time  spent  in  the  fruit. — Records  of  the  time  spent  in  the  fruit  as 
the  c^^:^^^  and  larva  have  been  determined  for  many  individuals  and  in 
various  localities,  including  Illinois,  District  of  Columbia,  western 
New  York,  Georgia,  Arkansas,  and  Michigan. 
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In  all  localities  the  majority  of  the  larvae  emerged  within  three 
weeks  after  the  eggs  were  laid,  and,  with  one  exception,  emergence 
had  practically  ceased  by  the  close  of  the  fourth  week. 

Time  spent  in  the  soil. — When  full  grown  the  larva  deserts  the  fruit 
and  burrows  below  the  surface  of  the  soil.  Practically  none  of  the 
larvae  go  deeper  than  3  inches  and  the  great  majority  penetrate  not 
more  than  2  inches.  A  small  cell  is  made  where  the  pupal  stage  is 
passed  and  where  transformation  to  the  adult  or  beetle  occurs. 
Some  days  are  spent  in  the  soil  by  the  larva  before  changing  to  the 
pupa,  and  the  newly  formed  adult  may  not  emerge  for  several  days 
or  even  weeks,  especially  if  the  ground  be  dry.  The  effect  of  a 
shower,  however,  is  to  bring  the  new-generation  beetles  out  in 
numbers. 

A  large  number  of  observations  have  also  been  made  on  the  length 
of  time  spent  in  the  soil  by  different  individuals,  including  a  total 
of  several  thousand  and  from  about  the  same  localities  as  already 
mentioned.  All  of  these  observations  go  to  show  that  comparatively 
few  insects  complete  their  underground  transformations  in  less  than 
three  weeks  from  the  time  of  entering  the  soil  as  larvae.  In  from 
four  to  five  weeks,  however,  the  great  majority  of  the  beetles  are  out 
and  by  the  close  of  the  sixth  week  emergence  has  practically  ceased. 

Time  required  for  transformation  from  egg  to  adult. — The  average 
time  spent  in  the  fruit  for  the  numerous  localities  investigated 
proved  to  be  19.48  days,  and  the  average  time  spent  in  the  ground 
was  found  to  be  30.89  days,  giving  an  average  life-cycle  period  for 
the  insect  of  50.27  days. 

Complete  life-cycle  observations  were  also  made  on  a  total  of  597 
individuals  from  many  parts  of  the  country,  which  gave  a  final  average 
for  the  period  per  individual  of  50.71  days,  differing  only  a  fraction 
of  a  day  from  the  time  determined  in  an  essentially  different  manner. 
Approximately  50  days  would  therefore  appear  to  be  the  average 
life-cycle  period  for  the  plum  curculio  for  the  country  as  a  whole. 
The  range  though,  will  vary  considerably  and  as  actually  determined 
in  the  case  of  the  individual  records  was  from  37  to  58.45  days. 

Habits  of  beetles  from  emergence  until  hibernation. — After  emer- 
gence, beetles  of  the  new  generation  feed  upon  various  fruits  and 
plants  until  fall,  when  they  enter  hibernation  quarters,  appearing 
the  following  spring,  as  already  stated.  While  there  is  some  evidence 
to  indicate  that  there  may  be  a  small  second  generation  in  the  South, 
this  will  be  comparatively  insignificant  and  for  practical  purposes  the 
insect  produces  but  one  generation  annually.  The  beetles  which 
develop  one  summer  live  over  the  following  winter,  ovipositing  during 
the  spring  and  summer,  and  gradually  die  off,  until  by  early  fall 
practically  all  of  them  have  disappeared.  The  life  of  the  more  hardy 
beetles  is  thus  seen  to  be  some  12  or  14  months 
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RESULTS    OF    SPRAYING    EXPERIMENTS    AND    DEMONSTRA- 
TIONS DURING   1910. 

Oiirinfij  (ho  season  of  ItMO  the  samo  oxporimonts  woro  rarriod  out 
as  (luring  11)09,  which  were  rej>orte(l  in  Circular  120  of  the  Bureau 
of  Entomoioofy  and  in  Bulletin  174  of  the  Bureau  of  Plant  Industry, 
and  in  addition  the  recommendations  j^iven  in  these  ])ul)Iications 
were  j)ut  in  effect  on  a  commercial  scale  to  serve  as  an  ohject  lesson 
for  growers.  During  1909  the  experiments  made  in  the  Hale  orchard 
at  Fort  Valley,  Ga.,  included  the  treatment  of  1,100  Klherta  trees 
for  the  control  of  peach  scah,  hrown-rot,  and  curculio.  The  self- 
boiled  lime-sulphur  mixture  (S-8-50)  plus  2  pounds  of  arsenate  of 
lead  was  used. 

This  combined  treatment  gave  the  following  resulL^;  Ai  picking 
time  95.5  per  cent  of  the  fruit  on  the  sprayed  block  was  free  from 
brown-rot,  93.5  ])er  cent  free  from  scab,  and  72.5  per  cent  free  from 
curculio.  On  the  unsprayed  block  only  37  per  cent  of  the  fruit  was 
free  from  brown-rot,  1  ])er  cent  free  from  scab,  and  2.5  per  cent  free 
from  curculio  injury.  In  packing  the  fruit  for  market  it  was  found 
that  the  yield  of  merchantable  fruit  on  the  sprayed  block  was 
ten  times  as  great  as  from  the  unsprayed  block  containing  the  same 
number  of  trees. 

During  the  season  of  1910  neither  the  brown-rut  mn  the  plum 
curculio  was  so  abundant  in  Georgia  as  the  year  previous,  and  the 
contrast  betw^een  the  sprayed  and  unsprayed  blocks  was,  therefore, 
not  so  striking.  Nevertheless,  the  very  satisfactory  results  obtained 
fully  substantiated  the  conclusions  previously  reached  as  to  the  value 
of  spraying. 

The  work  in  Georgia  was  carried  out  at  Fort  Valley,  Barnesvillc.  and 
at  Baldwin.  At  Fort  Valley  a  block  of  1,0G4  nine-year-old  El})orta 
trees  was  treated  in  the  orchard  of  the  United  Orcliard  Company. 
In  addition  to  numerous  experiments  planned  to  show  the  effect  of 
treatments  at  different  times  and  with  different  mixtures,  the  demon- 
stration treatment  was  put  in  effect  on  a  block  of  848  E)lberta  trees, 
a  similar  number  being  left  unsprayed  for  purposes  of  comparison. 
The  trees  were  sprayed  (1)  as  the  calyxes  were  shedding,  April  1, 
with  2  pounds  of  arsenate  of  lead  and  3  pounds  of  lime  in  each  50  gal- 
lons of  water;  (2)  two  to  three  weeks  later,  April  19  and  20,  with 
8-8-50  self-boiled  lime-sulphur  and  2  pounds  of  arsenate  of  lead; 
(3)  on  June  17,  about  a  month  before  the  fruit  ripened,  with  self- 
boiled  lime-sulphur  alone. 

In  order  to  determine  the  effect  of  the  treatments,  the  fruit  at  pick- 
ing time  (July  12  to  15)  was  gathered  from  08  trees  in  the  sprayed 

block    Mnd     nrjlll    63    trees    i'»     *'"'    nn<Mr.i\-..,l     l.Irwl-.       T''i<    rniif     was 
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carefully  graded  into  ''merchantable"  and  "culls,"  with  the  results 
shown  in  Table  III. 


Table  III. — Results 


of  demonstration  spraying  in  the  peach  orchard  of  the  United  Orchard 
Company,  Fort  Valley,  Ga.,  1910. 


Plat. 


68  trees  (sprayed) 

€3  trees  (not  sprayed). 


Yield. 


Bushels. 
101 
92 


Merchant- ' 
able  fruit. 


Fer  cent. 

86.2 
54.6 


Culls. 


Per  cent. 
13.7 
46.4 


Fruit  af- 
fected with 
brown-rot. 


Per  cent. 
5.3 
20.0 


It  will  be  noted  that  from  the  68  sprayed  trees  there  was  a  total 
yield  of  101  bushels,  of  which  86.2  per  cent  was  merchantable  and 
13.7  per  cent  was  culls.  On  the  unsp rayed  block  of  63  trees  there 
was  a  total  yield  of  92  bushels  of  fruit,  of  which  54.6  per  cent  was 
merchantable  and  46.4  per  cent  was  culls,  a  gain  in  merchantable 
fruit  due  to  the  treatments  of  31.6  per  cent. 

In  the  orchard  of  Mr.  S.  H.  Bassett,  also  at  Fort  Valley,  Ga.,  a 
block  of  700  seven-year-old  Elberta  trees  was  sprayed  as  a  demonstra- 
tion and  a  like  number  of  trees  left  unsprayed  for  comparison.  The 
trees  were  sprayed  as  the  calyxes  were  shedding,  April  5,  with  2 
pounds  of  arsenate  of  lead  to  each  50  gallons  of  water  and  again  on 
April  22  with  self-boiled  lime-sulphur  (8-8-50)  and  2  pounds  of 
arsenate  of  lead.  Owing  to  the  difficulty  of  getting  w^ater,  this  block 
received  no  further  treatment.  On  July  7,  when  the  first  picking  of 
the  crop  was  being  made,  the  sprayed  and  unsprayed  blocks  were 
carefully  examined  for  the  purpose  of  making  an  estimate  of  the 
results  of  the  treatment.  The  fruit  on  the  sprayed  block  was  highly 
colored  and  practically  free  from  scab,  brown-rot,  and  curculio. 
No  specimens  of  fruit  affected  with  these  troubles  could  be  found  in  a 
search  of  two  hours  throughout  the  block.  The  crop  was  decidedly 
heavier  on  the  sprayed  trees  than  on  the  unsprayed,  the  fruit  from  the 
latter  having  dropped  from  the  efi^ect  of  these  combined  troubles.  In 
looking  over  the  unsprayed  block,  it  was  estimated  that  50  to  60  per 
cent  of  the  crop  had  been  destroyed  or  rendered  unmerchantable  by 
curculio,  brown-rot,  and  scab. 

In  the  operations  at  Barnesville,  Ga.,  the  same  plan  of  spraying 
was  carried  out  on  a  commercial  scale  in  two  different  orchards. 
The  improved  condition  of  the  fruit  on  the  sprayed  blocks  in  both  of 
these  orchards  was  a  matter  of  much  comment  by  the  fruit  growers 
in  that  section. 

Owing  to  the  almost  complete  absence  of  the  curculio  and  the 
small  amount  of  brown-rot  in  these  orchards,  the  results  were  not  as 
w^ell  marked  as  those  obtained  elsewhere.  The  peach  scab,  however, 
w^as  quite  abundant  on  the  unsprayed  fruit  and  practically  absent  on 
the  sprayed  blocks. 
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In  the  orchard  of  Mr.  S.  M.  Marshburn,  the  domonstration  treat- 
ment was  jriven  to  920  Elborta  troes,  212  trees  beinj:  \rfi  nntreated 
for  comparisDn. 

From  the  spraN'ed  trees  the  yield  was  209  crates  of  extra  fancy 
fruit,  5S7  crates  of  fancy  fruit,  with  51 J  bushels,  or  ^"">  «r,.f  ,.^  .J  ,..,ii. 
the  total  merchantable  fruit  beinp:  92.02  per  cent. 

On  the  unsprayed  trees  the  yield  was  15 J  crates  of  extra  fancy 
fruit,  135i  crates  of  fancy  fruit,  with  21 J  bushels,  or  2S?  <  rHfcs.  (.f 
culls,  the  percentage  merchantable  being  84.02 

In  the  A.  O.  Murphy  orchard,  the  yield  from  l.s5  sprayed  hihcria 
trees  was  211  crates  of  extra  fancy  fruit,  272  crates  of  fancy  fruit, 
with  68 J  bushels,  or  91§  crates,  of  culls,  the  total  percentage  mer- 
chantable being  84.09. 

On  the  110  unsprayed  Elbertas  in  this  orchard  the  yield  was  8 J 
crates  of  extra  fancy  fruit,  109  crates  of  fancy  fruit,  and  45^  ])ushels, 
or  60J  crates,  of  culls,  the  percentage  merchantable  being  60. 07. 

In  the  orchard  of  Mr.  A.  M.  Kitchen,  at  Baldwin,  Ga.,  experiments 
and  demonstrations  were  conducted  on  the  Carman,  Ililev,  Elberta, 
and  Summerour,  or  Atlanta,  varieties,  2,000  trees  in  all  being  treated 
and  a  similar  block  left  untreated.  The  trees  were  7  years  old  and 
bore  a  fair  crop  of  fruit,  although  the  crop  was  rather  light  in  por- 
tions of  the  orchard.  The  Elberta  and  Summerour  varieties  were 
sprayed  (1)  as  the  calyxes  were  shedding,  April  7  and  8,  with  arsenate 
of  lead,  2  pounds  to  50  gallons  of  water;  (2)  on  April  27  and  28,  with 
8-8-50  self-boiled  lime-sulphur  and  2  pounds  of  arsenate  of  lead; 
and  (3)  on  June  17  and  18,  about  a  month  before  the  fruit  ripened, 
with  8-8-50  self-boiled  lime-sulphur.  The  Carman  and  Ililey  varieties 
received  the  same  treatment,  with  the  omission  of  the  third  applica- 
tion. At  picking  time  the  fruit  from  5  to  11  sprayed  trees  and  a 
like  number  of  unsprayed  trees  in  each  variety  was  sorted  aiul  llip. 
results  are  shown  in  Table  IV. 

Table  IV. — Results frovi  spraying  the  Carman,  Ililey,  Elberta,  and  Summerour  varieties 
of  peaches  at  Baldwin,  Ga.,  1910. 


Spraved: 

<■  ' *rr.  7and27 

i  :and27 

:  r.  7,  27,  and  June  17  .. 

t.imiii.iuui,Apr.7,27,andJunel7 
t'nsprayed: 

Carman 

Hiley 

Elberla 

Summerour 


Total 
fruits. 

Fruit 
affected 

with 
brown- 
rot. 

Fruit 

affe<-ted 

with 

scab. 

Fruit 
badly 
allecled 
with 
scab. 

Number. 

Per  cent. 

Per  cent. 

Percent. 

1,^-^ 

"  1 

la.  9 

0.00 

1. ; 

> 

28.0 

.00 

li.   ■: 

7 

41.4 

.m 

4.3... 

i*.3 

»7.7 

.80 

1,417 

81.8 

92.9 

16.40 

739 

28.1 

99.4 

19.00 

1.291 

70.0 

100.0 

If.,  no 

5,306 

54.8 

>91.7 

72.50 

Merchant- 
able fruit. 


Percent. 


40.2 

51.5 

10.9 

7.5 


Culls. 


Percent. 

2.4 
3.7 
2.3 
17.4 

59.8 
48.5 
83.1 
92.5 


I  In  sorttnp  this  variety,  fruits  that  showed  only  a  few  fnconspfcuotis  spots  were  not  ootinted  as  scabby, 
while  all  the  affected  fruit  of  "•"  —>-  '  varieties  was  counted. 
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It  will  be  seen  from  Table  IV  that  the  brown-rot  was  thoroughly 
controlled,  even  where  70  per  cent  of  the  unsprayed  fruit  rotted,  as 
was  the  case  with  the  Elberta.  The  scab  was  also  held  down  so  that 
it  was  commercially  negligible.  The  Summerour  is  particularly  sus- 
ceptible to  scab,  and  has  been  unprofitable  in  Mr.  Kitchen's  orchard 
on  account  of  this  disease.  On  the  unsprayed  trees  72.5  per  cent  of 
the  fruit  was  badly  affected  with  scab,  while  less  than  1  per  cent  of 
the  sprayed  fruit  was  badly  affected.  By  referring  to  the  column 
showing  the  percentage  of  merchantable  fruit  in  Table  IV  it  will  be 
seen  that  from  82.6  to  97.7  per  cent  of  the  sprayed  fruit  was  mer- 
chantable and  from  7.5  to  51.5  per  cent  of  the  unsprayed  fruit  was 
merchantable.  The  difference  between  these  two  sets  of  figures  rep- 
resents the  difference  between  success  and  failure. 

In  Table  V  are  shown  the  results  from  12  sprayed  and  12  unsprayed 
Elberta  trees  in  the  same  orchard  and  given  the  same  treatment  as 
those  considered  in  Table  IV,  but  located  in  a  different  section  of  the 
orchard.  The  fruit  was  picked  from  July  26  to  August  1  and  sorted  with 
reference  to  brown-rot,  scab,  and  curculio.  To  determine  the  presence 
or  absence  of  the  curculio  all  the  fruit  was  sliced  into  several  pieces. 


Table  V. 


-Results from  12  sprayed  and  12  unsprayed  Elberta  peach  trees  at  Baldwin,  Ga., 
1910. 


Plats. 


Sprayed . . . 
Unsprayed. 


Total 
fruits. 


No. 

5,197 

3,907 


Fruit 
afifect- 
ed  with 

scab. 


P.ct. 

39.26 
100.00 


Fruit 
badly 
aflfect- 
ed  with 
scab. 


P.ct. 
0.03 
9.29 


Fruit 
affect- 
ed with 
brown- 
rot. 


P.ct. 
0.90 
18.04 


Fruit 
affect- 
ed with 
curcu- 
lio. 


P.ct. 
13.15 
51.19 


Mer- 
chant- 
able 
fruit. 


P.ct. 

97.61 
46.49 


Culls. 


P.ct. 
2.39 
53.51 


It  will  be  seen  from  Table  V  that  0.9  per  cent  of  the  sprayed  fruit 
was  affected  with  brown-rot,  39.26  per  cent  with  scab  (practically 
none  of  which  was  bad),  and  13.15  per  cent  with  curculio,  while  18.04 
per  cent  of  the  unsprayed  fruit  was  affected  with  brown-rot,  100  per 
cent  with  scab,  and  51.19  per  cent  with  curculio.  It  is  also  shown 
that  97.61  per  cent  of  the  sprayed  fruit  was  merchantable,  as  against 
46.49  per  cent  of  the  unsprayed  fruit.  Had  all  the  fruit  infested  with 
curculio  been  thrown  out  the  percentage  of  merchantable  fruit  from 
both  the  sprayed  and  the  unsprayed  trees  would  not  have  been  quite 
so  high.  Much  of  the  infestation  consisted  of  young  worms  just 
hatched,  and  in  such  cases  the  market  value  of  the  fruit  had  not  been 
materially  affected.  In  addition  to  these  12  trees  the  crop  from  a 
block  of  70  sprayed  and  70  unsprayed  Elberta  trees  was  sorted  and 
packed  for  the  market.  It  was  found  that  97.04  per  cent  of  the  fruit 
of  the  sprayed  block  was  merchantable,  leaving  2.96  per  cent  as  culls. 
From  the  unsprayed  block  only  54.11  per  cent  of  the  crop  was  mer- 
chantable and  45.89  per  cent  unmerchantable,  a  gain  of  42.93  per  cent. 

A  block  of  1,000  Summerour  trees,  which  is  a  late-maturing  vari- 
ety, ripening  at  Baldwin  last  season,  August  27  to  31,  was  given 

440 


SPRAYING   PEACHES. 


25 


the  samo  treatment  receive<l  by  the  Elbertos.  In  order  to  deter- 
niino  the  commercial  rosiiUs  tlie  crop  from  70  sprayed  trees  and  the 
same  number  of  unsprayed  trees  was  j^raded  at  the  packing;  house. 
It  was  found  that  85  per  cent  of  the  sprayed  fruit  was  merchant- 
able, leaving:  14.08  per  cent  unmerchantable.  Only  6.41)  per  cent 
of  the  unsprayed  fruit  from  70  trees  wa.s  merchantable,  9.^.51  j)er 
cent  beinjx  totally  unfit  for  market.  This  shows  a  j^ain  from  sj)raying 
of  78.53  per  cent.  This  threat  loss  was  due  to  the  combined  effect 
of  the  curculio,  brown-rot,  and  .scab,  althouj^h  the  latter  was  the 
most  prominent  trouble.  These  commercial  results  show  conclu- 
sively that  even  under  severe  condition^  tlu^  r<nMl>iiin<inn  <r«'Mfrnont 
will,  effectually  control  these  troubles. 

It  will  be  undei*sto()d  that  the  combinalioii  lrca,liuenL  lor  ihcse 
diseases  and  curculio  is  in  effect  a  compromise.  Considered  only 
from  the  in.sect  standpoint,  an  additional  application  of  arsenate 
of  lead  would  be  desirable,  but  a  third  application  of  the  i)oison 
is  as  a  rule  unsafe.  Nevertheless,  the  benefits  from  two  applications 
of  arsenate  of  lead  has  been  very  marked.  In  order  to  show  more 
in  detail  the  effect  of  two  such  treatments  on  the  curculio,  Ta})le  VI 
is  presented,  showing  the  results  of  an  examinaticm  for  curculio  in- 
festation of  the  dropped  fruits  during  the  season,  as  well  as  those  on 
the  trees  at  picking  time,  12  trees  in  the  sprayed  block  and  12  free^ 
in  the  unsprayed  block  being  examined. 

Table  \ I. —Results  of  spraying  Elberta  peaches  for  plum  curculio,  Baldtvin,  Ga.,  Iff  10. 


Piat 
No. 


Fir 

ui 


,  Apr.  7-8, 
I  2  pounds 

'  -Iter: 


L 


sulphur 
Apr.  27 

cation  ,      um»--iiii»iiiir 

wash  only  (8-8-50).  June 
17-18, 


t 

IreeNo. 

Fniit  from 
ground. 

Fruit  from  tree. 

Total 
num- 

Total 
num- 
ber of 

Sound 

Total 

Num- 

Total 

Num- 

ber of 

fruit 

fruit. 1 

num- 

ber in- 

num- 

ber in- 

fruiUs. 

In- 

ber. 

fested. 

ber. 

fested. 

f^ted. 

Per  cent. 

I            1 

447 

i 

589 

26 

1.036 

33 

96.81 

2 

119 

8 

465 

45 

584 

53 

90.92 

ii 

177 

10 

388 

65 

565 

75 

86.72 

4 

363 

24 

606 

70 

969 

100 

88.63 

5 

161 

10 

335 

61 

496 

71 

85.  (S8 

C. 

96 

12 

409 

26 

505 

38 

92.47 

7 

99 

2 

358 

38 

457 

40 

91.23 

s 

222 

22 

293 

33 

515 

55 

89.32 

'< 

702 

25 

412 

123 

1.114 

148 

80.71 

10 

224 

6 

476 

83 

700 

89 

87.28 

11 

.     68 

7 

410 

50 

478 

67 

88.07 

12 
Total  . 

348 

17 

456 

58 

804 

75 

90.67 

3.026 

150 

6.197 

684 

8.223 

834 

r        1 

188 

115 

324 

178 

512 

293 

42.77 

2 

187 

83 

S85 

132 

572 

215 

62.41 

3 

147 

85 

280 

155 

427 

240 

43.79 

4 

839 

114 

648 

239 

1.487 

353 

76.26 

5 

76 

56 

129 

79 

205 

135 

34.14 

0 

G05 

165 

471 

180 

1.076 

364 

67.10 

192 

71 

177 

94 

369 

166 

65.28 

H 

318 

55 

299 

147 

617 

202 

67.28 

't 

68 

67 

388 

251 

456 

318 

30.28 

III 

143 

67 

176 

137 

319 

204 

38.06 

11 

214 

110 

347 

231 

561 

341 

39.21 

12 
Total. 

274 

100 

283 

1G8 

557 

268 

61.88 

3,251 

1,088 

3.907 

2,000 

7,158 

8,088 

1  The  average  of  sound  fruit  oo  treated  trees  was  89.85  per  cent;  on  untreated  trees,  66.85  per  cent. 
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In  the  sprayed  block  8,223  fruits  were  obtained,  of  which  834,  or 
10.15  per  cent,  were  infested.  From  the  unsprayed  block  there  was 
a  total  of  7,158  fruits,  of  which  3,088  were  infested,  the  percentage  of 
sound  fruit  being  56.85,  a  gain  in  yield  of  33  per  cent  of  fruit  free 
from  curculio  infestation. 

EXPERIMENTS    IN    WEST    VIRGINIA,   1910. 

In  order  to  demonstrate  the  control  of  peach  scab  and  to  deter- 
mine how  much  spraying  is  required  on  late  varieties,  an  experiment 
was  conducted  in  the  orchard  of  L.  P.  Miller  &  Bros.,  at  Okonoko, 
W.  Va.,  during  1910.  There  are  about  600  acres  of  12-year-old 
trees  in  this  orchard,  and  it  is  composed  of  a  large  number  of  varieties, 
beginning  with  Southern  Early  and  ending  with  Bilyeu.  Until 
summer  spraying  was  undertaken  in  1908  the  peach  scab  had  been 
most  disastrous  to  the  crops  in  this  orchard,  about  one-half  of  the 
fruit  being  lost  every  year.  Spraying,  however,  largely  overcame 
the  trouble,  and  in  1910  the  loss  was  comparatively  small,  notwith- 
standing the  difficulty  of  thoroughly  spraying  such  a  large  orchard 
at  the  proper  time. 

The  spraying  experiments  were  confined  to  the  Elberta,  Salway, 
and  Bilyeu,  and  about  500  trees  each  of  these  varieties  were  used. 
The  Bilyeu  set  a  good  crop,  while  the  crop  of  Elberta  and  Salway  was 
only  medium  to  light,  but  ample  for  an  experiment.  For  the  most 
part  the  weather  was  unfavorable  for  good  work.  During  the  time 
the  first  and  second  applications  were  being  made  it  was  cloudy  and 
showery  and  the  day  following  the  second  application  it  rained  rather 
hard  all  day.  The  Elberta  trees  were  sprayed  according  to  the 
following  plan: 

Plat  1. — Self-boiled  lime-sulphur  and  arsenate  of  lead,  one  month  after  petals 
fell,  May  11. 

Plat  2. — Self-boiled  lime-sulphur  with  arsenate  of  lead,  one  month  after  petals 
fell,  and  self-boiled  lime-sulphur  alone,  one  month  later.  May  11  and  June  15. 

Plat  3. — Self-boiled  lime-sulphur,  one  month  after  petals  fell  and  one  month  later, 
May  11  and  June  15. 

Plat  5. — Self-boiled  lime-sulphur  six  weeks  after  petals  fell  and  one  month  later, 
May  26  and  June  28. 

Plat  6. — Commercial  lime-sulphur,  1  to  100  with  arsenate  of  lead  and  lime,  one 
month  after  petals  fell,  and  with  lime  only  one  month  later. 

Plato. — Check;  untreated. 

At  picking  time,  August  22  to  26,  the  crop,  including  windfalls, 
from  four  trees  in  each  sprayed  plat  and  six  unsprayed  trees  was 
sorted  to  determine  the  percentage  of  fruit  afi'ected  with  scab  and  the 
percentage  of  merchantable  fruit.    The  results  are  shown  in  Table  VII. 
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Tablr  WW.— Retails  of  Irtalmtnt  for  peach  scab  on  the  FAherta  varirltf,  Okonoko, 

1910. 


riats. 

Total 

fnilts. 

■    "•          s«-ab. 

ohant> 

nhtr 

frn,' 

CiilU. 

I 

1  :«2 

sig 

'(.>4 

-■'..18 

Prr  cent. 
0^.2 
20.9 
20.2 
.W.S 
49.3 
99.6 

Prr  cent.    Prr  cent. 

3.0             vi.  1 

0.1 

1.4 

0.9, 

1.5            i«.{.'< 

/Vr  f^n/, 
l't.9 

2 

3 

5 

6 

1.  9 

I..4 

(LI 

Check 

41.1             .W.  7  i             4r.  3 

The  third  column  of  the  above  table  shows  the  perccma;,^^  of 
fruit  affected  with  scab,  includinji:  fruit  so  slit^htly  alTected  that  its 
market  value  was  not  materially  reduced,  while  the  fourth  column 
shows  the  percentage  of  badly  affected,  unmerchantable  fruit.  The 
fifth  column  shows  the  percenta<];e  of  j^ood,  merchantable  fmit 
obtained  from  each  plat,  while  the  sixth  column  shows  the  percentage 
of  culls  due  to  scab,  brown-rot,  curculio,  and  other  causes. 

Plat  1  received  only  erne  application,  and  the  results  were  all  that 
could  be  expected  in  a  wet  season,  such  as  last  spring.  Although  i\rt:2 
per  cent  of  the  fniit  was  affected  with  scab,  only  '.\  per  cent  of  it  was 
badly  affected. 

Plats  2  and  3,  which  were  sprayed  twice,  gave  the  best  results, 
only  a  little  more  than  20  per  cent  of  the  fruit  in  each  being 
affected  with  scab.  Most  of  this  scab  infection  was  commercially 
negligible,  the  spots  being  small  and  rather  inconspicuous.  In  plat 
2  less  than  1  per  cent  of  the  fruit  was  badly  affected,  and  in  plat  3 
only  1.4  per  cent  was  so  affected.  The  only  difference  in  the  treat- 
ment received  by  these  two  plats  was  the  use  of  arsenate  of  lead  with 
the  self-boiled  lime-sulphur  in  the  first  application  on  plat  2.  This 
made  no  difference  in  the  control  of  scab.  It  apparently  raised  the 
percentage  of  merchantable  fruit,  plat  2  having  95.5  per  cent  and 
plat  3  having  93.1  per  cent.  This  difference  would  certainly  have 
been  greater  had  there  been  more  curculio  in  the  orchard. 

The  good  results  obtained  from  the  treatment  of  these  two  plats 
may  be  better  appreciated  by  comparing  them  with  the  results  from 
the  unspra3'ed  trees.  Practically  all  (99. (>  per  cent)  of  the  unsprayed 
fruit  was  affected  with  scab  and  41.1  per  cent  of  it  was  badh''  affected. 
Only  53.7  per  cent  of  the  fruit  was  .suitable  for  market,  leavin'j  ^♦'  ' 
per  cent  of  culls. 

Plat  5  received  the  same  treatment  as  plat  3,  except  that  both 
applications  were  delayed  two  weeks.  The  results  indicate  that  one 
month  after  the  petals  fall  is  a  better  time  to  be^in  spraying  for 
scab  than  two  weeks  later. 
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Plat  6,  which  was  sprayed  with  commercial  lime-sulphur  solution, 
1  gallon  to  100  gallons  of  water,  had  only  1.5  per  cent  of  fruit  badly 
aflfected  with  scab,  although  49.3  per  cent  of  it  was  affected  more  or 
less.  These  results  indicate  that  the  scab  can  be  held  in  check  by  a 
very  dilute  solution  of  the  lime-sulphur  solution.  It  burned  the 
foliage  considerably  and  caused  some  of  the  leaves  to  drop,  but  the 
injury  almost  disappeared  as  the  season  advanced  and  the  fruit 
matured  in  good  condition. 

A  similar  test  was  made  on  the  Salway  variety,  which  ripens  some 
four  weeks  later  than  the  Elberta.  There  were  four  sprayed  plats 
consisting  of  about  80  trees  each,  and  17  trees  were  left  untreated  for 
the  purpose  of  comparison.  The  self-boiled  lime-sulphur  (8-8-50) 
was  used  in  each  application,  and  arsenate  of  lead  at  the  rate  of  2 
pounds  to  each  50  gallons  was  added  in  the  first  application  only. 

On  September  22  and  23  the  crop  from  four  trees  in  each  plat  was 
sorted  for  scab  and  brown-rot,  and  the  results  are  shown  in  Table 
VIII.  In  this  case  the  classification  of  scabby  fruit  was  made  on  a 
commercial  basis;  that  is,  the  fruit  having  only  a  few  small  specks 
of  scab,  which  did  not  materially  detract  from  its  market  value,  was 
not  classed  as  scabby.  The  figures  given  in  the  table  therefore 
represent  the  percentage  of  fruit  so  badly  ail'ected  as  to  have  but 
little  value  on  the  market. 

Tahi.k  VIII. — Results  of  sprai/ing  on  the  Salway  variety  in  the  Miller  orchard,  Okonoko, 

W.  Va.,  1910. 


Plat 
No. 


Datos  of  spraying. 


(1)  One   month   after   petals   fell,    May    12;    (2)  June    1 

(3)  July  15 

(1)  One  month  after  petals  fell,  May  12;  (2)  June  17 

(1)  One  month  after  petals  fell,  May  12 

(1)  Six  weeks  after  petals  fell,  May  2G;  (2)  June  a>( 

Check;  not  sprayed 


Total 

Scabby 

fruits. 

fruit. 

Number. 

Per  cent. 

1,557 

5.5 

1,599 

5.3 

1,132 

27.2 

1,005 

5.8 

2,349 

87.5 

Rotted 
fruit. 


Per  cent. 
2.5 
1.9 
0.8 
1.3 
37.6 


It  will  be  observed  that  the  results  from  plat  8,  which  had  three 
applications,  are  about  the  same  as  those  from  plat  9,  which  had  two 
applications,  the  scab  and  brown-rot  having  been  almost  com- 
pletely controlled  in  both  cases.  The  results  of  the  treatment  of  plat 
9  are  shown  in  figures  9  and  11.  The  superiority  of  two  treatments 
over  one  may  be  seen  by  comparing  plats  9  and  10.  The  latter 
received  only  one  application  and  27.2  per  cent  of  the  fruit  became 
affected  with  scab,  while  only  5.3  per  cent  of  the  crop  on  plat  9  was 
affected.  Plat  11  received  the  same  treatment  as  plat  9,  except 
that  the  applications  on  plat  11  were  delayed  two  weeks,  the  object 
being  to  determine  the  best  time  to  begin  the  spraying.  In  this 
case  there  was  very  little  difference  in  the  results  from  the  two  plats. 

440 


SPRAYING  PEACHES. 


29 


Of  the  fruit  from  the  uiisprayeti  trees,  87.5  per  cent  was  rather  badly 
afTerttsr  with  scab  ami  37.6  per  cent  was  afTected  with  hrowni-rot,  as 
shown  in  fij^urtvs  10  an<i  12.  In  othor  wonN,  tho  unsj^rnvo'l  rrop 
was  almost  a  total  loss. 

The  Bilyou  variety  was  j^ivcu  tlio  saiiK*  uc.-hiihmh  as  inai  ai)[)iie(i 
to  Salway  ami  the  riwuits  wore  about  the  same.  In  this  case  the  fruit 
was  not  sorted  and  counted,  but  at  picking  time  comparative  notes 
wore  made,  attemptin<^  to  show  the  estimated  j)ercentai]rcs  of  brown- 
rot  and  scab.  Fully  50  per  cent  of  the  unsprayed  fruit  was  lost  on 
account  of  these  diseases,  while  there  was  a  loss  of  only  about  5  per 
cent  of  the  fruit  sprayed  twice,  although  much  of  it  showed  some 


Fig.  9.— ("rop  from  four  Salway  trees  sprayed  twi(<e,  Okonoko,  W.  Va.    Scabby  fruit  in  single  basket  on 
the  left;  remainder  of  the  crop  sound. 

slight  spotting  with  scab.  On  the  plat  sprayed  three  times  the 
scab  was  almost  entirely  prevented.  In  most  cases  three  treatments 
will  be  necessary  for  the  best  results  against  scab  on  late-maturing 
varieties  like  the  Bilv^eu. 


EXPERIENCE    OF    FRUIT    GROWERS. 

Foiiowiiig  tlie  reconunendations  of  the  United  Slates  DepaiLnient 
of  Agriculture,  a  considerable  number  of  fruit  growers  have  adopted 
the  combination  treatment,  and  in  Georgia  during  1910  perhaps  not 
less  than  one-fourth  of  the  peach  orchards  were  sprayed  for  the 
curculio,  brown  rot,  and  scab.  In  connection  with  the  department's 
experiments  at  Fort  Valley,  Bamesville,  and  Baldwin,  Ga.,  an  effort 
was  made  to  give  personal  instruction  to  as  many  orchardbts  as  pos- 
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sible  in  order  to  start  them  in  the  work,  and  by  visits  and  by  corre- 
spondence assistance  was  rendered  to  growers  in  other  parts  of 
the  State.  Thus  at  Fort  Valley  the  Hale  Georgia  Orchard  Co. 
sprayed  three  times  its  entire  bearing  orchard  of  about  100,000  trees. 
The  same  schedule  of  treatments  was  also  adopted  by  Mr.  W.  C. 
Wright  in  his  orchard  of  60,000  trees  and  by  others  in  the  immediate 
neighborhood.  Also  at  Marshallville,  Ga.,  the  treatment  was  adopted 
by  Mr.  S.  H.  Rumph  and  other  leading  growers,  the  total  number  of 
trees  sprayed  in  this  general  section  aggregating  about  a  million. 

At  Barnesville,  Ga.,  practically  all  of  the  large  orchardists  used  the 
combined  spray,  aggregating  not  less  than  500,000  trees.  At  Bald- 
win, Ga.,  some  of  the  leading  growers  sprayed  not  less  than  100,000 


Fig.  10.— Crop  from  four  unsprayed  Salway  trees,  Okonoko,  W .  Va.    Sound  fruit  in  three  baskets  on  the 
left;  remainder  of  the  crop  scabby. 

trees.  Messrs.  Stranahan  Bros.,  of  Warm  Springs,  Ga.,  have  been 
spraying  for  the  past  three  years  and  were  among  the  first  large  peach 
orchardists  to  adopt  the  lime-sulphur  treatment  even  before  it  was 
out  of  its  experimental  stage.  Also  around  Adairsville  and  at  num- 
erous other  points  in  Georgia  spraying  was  adopted  by  the  leading 
growers,  at  least  2,000,000  trees  for  the  State  as  a  whole  being  sprayed. 
Considering  all  of  the  Southeastern  States  it  is  probable  that  in  this 
territory  3,000,000  trees  were  sprayed  during  1910. 

Considerable  spraying  has  also  been  done  by  peach  orchardists  in 
West  Virginia,  western  Maryland,  and  Pennsylvania,  including  a  total 
of  perhaps  1,000,000  trees.  The  treatment  has  also  been  adopted  by 
some  growers  in  Illinois,  Missouri,  and  Arkansas,  aggregating  about 
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500,000  trees,  making  on  a  conservative  estimate  a  jrrand  total  of 
4,")00.()00  to  5,000.000  trees  si>raye(l  diirinj;  1010  with  the  self-boiled 
linie-sulplnir  wasli  and  ai*senate  of  lead. 

We  liave  been  able  to  ])ers()nally  examine  some  c)f  these  orchards, 
and  have  had  reports  from  many  of  the  orchardists  rej^anlinj^  the 
results  of  the  treatment.  vS)  fur  as  it  has  been  possible  to  determine, 
the  results  have  been  uniforndy  satisfactory  and  the  slij^ht  injury 
from  t lie  spray  comj)aralively  unimportant.  It  seems  rather  remark- 
able tiiat  so  nniny  j^rowers  in  dillVrent  parts  of  the  country  should  he 
so  successful  in  using  a  new  treatment  for  the  first  time.  This  may  be 
taken  to  indicate  the  entire  ])racticability  of  the  recommendations. 

EFFECT  OF  SPRAYING  ON  THE  QUALITY  OF  THE  FRUIT. 

The  good  results  from  the  treatment  do  not  end  with  the  control  of 
the  curculio,  scab,  and  brown-rot.     The  sprayed  fniif   is  as  a  rule 
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Lrop  Irom  four  .Salway  treti  -piuj  ud  iv.  u  . .  <  Jkuuuku.  W  .  \  a.     KolUn  fruil  in  upturned  basket 
on  the  left;  remainder  free  from  rot. 


somewhat  larger,  much  more  highly  colored,  and  firmer  t  han  uns|)rayed 
fruit.  It  keeps  longer,  carries  to  tlie  market  in  })etter  ccuidition.  ami 
brings  better  j)rices.  A  carload  of  Elbert  a  j)eaches  shipped  from 
Baldwin,  Ga.,  on  July  29  contained  166  crates  of  sprayed  fruit  and 
324  crates  of  unsprayed  fruit.  This  fruit  was  sold  on  the  New  York 
market  on  August  2,  the  166  crates  of  sprayed  fruit  bringing  S2.50  j)er 
crate,  wliile  the  324  crates  of  unsprayed  fruit  brought  an  average  of 
$1.75  per  crate,  a  diflerence  of  75  cents  per  crate  in  favor  of  the 
sj)rayed  fruit. 
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The  effect  of  the  treatments  is  to  fairly  clean  the  fruit  from  disease 
and  to  put  it  in  a  more  or  less  sterilized  condition,  adding  greatly  to 
its  keeping  quality.  This  superiority  of  sprayed  as  against  unsprayed 
fruit  is  one  of  the  marked  benefits  and  has  been  noted  by  all  growers 
who  have  adopted  the  treatment. 

On  July  14  sprayed  and  unsprayed  Elberta  fruit  in  the  Hale  orchard 
at  Fort  Valley,  Ga.,  was  picked  and  packed  for  a  shipping  test,  but 
owing  to  a  car  shortage  was  not  shipped.  There  were  64  crates  of 
unsprayed  fruit  and  400  crates  of  sprayed  fruit.  This  fruit  was  stacked 
out  on  the  ground  where  it  remained  in  the  sun  and  during  occasional 
showers  of  rain  until  Julv  18  (4  days)  and  then  6  crates  of  each  lofc 
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Fig.  12. — Crop  from  four  unsprayed  Salway  trees,  Okonoko,  W.  Va.    Fruit  in  six  baskets  on  the  right 
aflected  with  brown-rot;  the  remainder  free  from  rot,  but  scabby. 

were  examined  for  brown-rot.  It  was  found  that  62.7  per  cent  of 
the  unsprayed  fruit  had  rotted,  while  only  8  per  cerit  of  the  sprayed 
fruit  was  so  affected,  showing  conclusively  the  better  keeping  quality 
of  the  latter. 


EFFECT    OF    THE     SELF-BOILED    LIME-SULPHUR    WASH    ON 

SCALE  INSECTS. 

Observations  and  experiments  go  to  show  that,  when  used  as  a  sum- 
mer spray,  the  effect  of  the  self-boiled  lime-sulphur  wash  on  the  control 
of  scale  insects  which  may  be  present  on  the  trees,  especially  the  San 
Jose  scale,  is  important.  While  to  secure  the  best  results  in  the  con- 
trol of  scale  insects  it  would  be  desirable  to  coat  the  limbs  and  twigs 
more  thoroughly  than  is  accomplished  in  ordinary  summer  spraying, 
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neverthelass  in  the  course  of  tlie  work  as  practiced  against  the  cur- 

culio,  hrown-rot,  and  seal)  noticeahlo  ihhh\  is  acconiplishod.  Altli<mirli 
tho  s|)ray  is  not  strong  onougli  to  kill  many  of  the  adult  scale  insc(  ts, 
it  is  elTective  to  an  important  extent  in  bringing  about  the  death  of 
the  young  scales.  Kxperiments  made  by  the  Bureau  of  Enf-  '  v 
in  the  use  of  the  self-boiled  lime-sulphur  wjush  as  a  summer  -;  r 

the  San  Jose  scale  *  have  shown  that  two  or  three  applications  will 
result  in  a  marked  improvement  in  the  ccmdition  of  the  trees  by  fall. 
The  elfect  of  the  witsh  is  to  prevent  the  settling  of  the  young  scales 
upon  the  twigs  and  branches,  so  that  by  the  close  of  the  season  the 
trees  are  largely  free  from  the  insects. 

Further  observations » are  necessary  to  determine  just  how  much 
l)enefit  will  result  from  these  applications  in  the  control  of  scale 
insects,  but  it  seems  probable  in  peach  orchards  regidarly  sprayed  for 
the  curculio  and  for  scab  and  brown-rot  tliat  the  usual  wmter  treat- 
ments for  the  San  Jose  scale  may  be  reduced  to  perhaps  one  applica- 
tion  every  two  or  three  years.  Any  observant  orchardist  should  be 
al)le  to  determine  for  himself  the  necessity  for  winter  treatments, 
tlepending  upon  the  abundance  of  the  scale  insects.  The  lime-sulphur 
wash  is  furthermore  effective  against  numerous  other  sucking  insects, 
especially  plant  lice,  which  may-l)e  present  on  the  trees. 

PKEPARATION  AND  USE  OF  THE  SPRAY. 

Spraying  for  the  brown-rot,  scab,  and  curculio  does  not  differ  in 
])rinciple  from  the  usual  spraying  practices.  It  is  essential  that  an 
efficient  spraying  outfit  be  employed,  so  that  the  work  may  be  done 
expeditiously  and  with  thoroughness.  Where  the  orchard  interest  is 
at  all  important  it  will  be  desirable  to  employ  a  power  sprayer,  such 
as  a  gasoline  or  compressed-air  outfit.  Excellent  work,  however,  may 
be  done  with  the  ordinary  barrel  sprayer,  which  is  suitable  for  orchards 
of  a  few  hundred  trees.  In  ai)plying  the  spray,  all  parts  of  the  tree 
should  be  reached.  This  is  especially  important  in  the  first  appli- 
cation, which  is  directed  principally  against  the  plum  curculio.  The 
purpose  should  be  to  coat  thoroughly  the  foliage,  twigs,  and  young 
fruit  to  insure  to  the  fullest  extent  possible  the  poisoning  of  the 
beetles.  The  same  precautions  as  to  poisoning  the  foliage,  fruit,  and 
Inuls  are  also  essential  in  making  the  second  application,  as  the 
beetles  are  still  very  numerous,  feeding  and  ovipositing  freeU'.  (See 
Table  II.)  This  is  also  the  most  important  application  for  the  pre- 
vention of  scab  infection,  which  is  prevented  only  by  thoroughly  coat- 
ing the  3'oung  fniits.  In  subsequent  applications  the  efforts  should  be 
directed  more  to  coating  the  fruit  with  the  spray  to  '*'•'>♦*»'•«  »<  from 
bro\\Ti-rot  infection,  especially  as  it  begins  to  ripen. 


Reported  in  the  Journal  ol  KcoDomic  Entomology,  vol.  2,  p.  130 
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The  schedule  of  appUcations  (pp.  38-40)  takes  account  of  the  ripening 
period  of  the  principal  commercial  varieties  of  peaches.  Applications 
made  later  than  a  month  or  six  weeks  before  picking  time  are  likel}^^ 
to  result  in  the  fruit  being  more  or  less  spotted  with  the  spray  when 
harvested,  somewhat  marring  its  appearance  for  market  purposes. 
This  danger  can  be  largely  avoided  by  using  nozzles  which  throw  a 
mistlike  spray,  coating  the  fruit  with  very  fine  dots  rather  than  with 
large  blotches. 

DIBECTIONS    FOR    THE    PREPARATION    OF     SELF-BOILED    LIME- 
SULPHUR   WASH. 

The  standard  self-boiled  lime-sulphur  mixture  is  composed  of  8 
pounds  of  fresli  stone  lime  and  8  pounds  of  sulphur  to  50  gallons  of 
water.  In  mild  cases  of  brown-rot  and  scab  a  weaker  mixture  con- 
taining 6  pounds  of  each  ingredient  to  50  gallons  of  water  may  be 
used  with  satisfactory  results.  The  materials  cost  so  little,  how- 
ever, that  one  should  not  economize  in  this  direction  where  a  valu- 
able fruit  crop  is  at  stake.  Any  finely  powdered  sulphur  (flowers, 
flour,  or  ''commercial  ground''  sulphur)  may  be  used  in  the  prepa- 
ration of  the  mixture. 

In  order  to  secure  the  best  action  from  the  lime,  the  mixture  should 
be  prepared  in  rather  large  quantities,  at  least  enough  for  200  gal- 
lons of  spray,  using  32  pounds  of  lime  and  32  pounds  of  sulphur. 
The  lime  should  be  placed  in  a  barrel  and  enough  water  (about  6 
gallons)  poured  on  to  almost  cover  it.  As  soon  as  the  lime  begins 
to  slake  the  sulphur  should  be  added,  after  first  running  it  through 
a  sieve  to  break  up  the  lumps,  if  any  are  present.  The  mixture 
should  be  constantly  stirred  and  more  water  (3  or  4  gallons)  added 
as  needed  to  form  at  first  a  thick  paste  and  then  gradually  a  thin 
paste.  The  lime  will  supply  enough  heat  to  boil  the  mixture  sev- 
eral minutes.  As  soon  as  it  is  well  slaked  water  should  be  added  to 
cool  the  mixture  and  prevent  further  cooking.  It  is  then  ready  to 
be  strained  into  the  spray  tank,  diluted,  and  applied. 

The  stage  at  which  cold  water  should  be  poured  on  to  stop  the 
cooking  varies  with  different  limes.  Some  limes  are  so  sluggish  in 
slaking  that  it  is  difficult  to  obtain  enough  heat  from  them  to  cook 
the  mixture  at  all,  while  other  limes  become  intensely  hot  on  slaking, 
and  care  must  be  taken  not  to  allow  the  boiling  to  proceed  too  far. 
If  the  mixture  is  allowed  to  remain  hot  for  15  or  20  minutes  after 
the  slaking  is  completed,  the  sulphur  gradually  goes  into  solution, 
combining  with  the  lime  to  form  sulphids,  which  are  injurious  to 
peach  foliage.  It  is  therefore  very  important,  especially  with  hot 
lime,  to  cool  the  mixture  quickly  by  adding  a  few  buckets  of  water 
as  soon  as  the  lumps  of  lime  have  slaked  down.     The  intense  heat, 
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violent  boilinp,  and  constant  stirrinp:  rosiilt  in  a  uniform  mixture 
of  linely  <livi(le<l  sulphur  and  limo,  witli  only  a  very  small  percent  aj^e 
of  the  sulphur  in  solution.  It  should  he  strained  to  take  out  the 
coai*se  particles  of  lime,  hut  the  sulphur  should  be  carefully  worked 
throuj»h  the  strainer. 

DIRECTIONS  FOR  USING  ARSENATE  OF  LEAD. 

Many  experiments  have  shown  that  well-made  ai-senate  of  lead  is 
much  the  safest  of  all  uvailahle  ai*senicals  for  use  on  the  peach. 
Arsenate  of  lead  is  to  be  fouml  on  the  market  l)()th  as  a  powder  and 
as  a  putty-like  paste,  which  latter  must  be  worked  free  in  water 
before  it  is  added  to  the  lime-sulphur  mixture.  The  ])aste  form  of 
the  poison  is  largely  used  at  the  rate  of  about  2  pounds  to  each  .50 
gallons  of  the  lime-sulphur  wash  and  is  added,  after  it  has  been  well 
worked  free  in  water,  to  the  lime-sulphur  spray  j)rcviously  ])repare(l. 
As  there  are  numerous  brands  of  ai-senatc  of  lead  upon  the  market. 
the  grower  should  be  careful  to  purchase  from  reliable  firm.^  A 
decided  chanj^e  in  color  will  result  when  the  arsenate  of  lead  is  added 
to  the  lime-sulphur  mixture,  due  to  certain  chemical  changes  which, 
in  the  experience  of  the  writers,  do  not  injuriously  affect  the  fungi- 
citlal  and  insecticidal  properties  of^  the  spray  or  result  in  injury  to 
the  foliage. 

In  large  spra^'ing  operations  it  will  be  more  convenient  to  prepare 
in  advance  a  stock  mixture  of  arsenate  of  lead,  as  follows:  Place  100 
pounds  of  arsenate  of  lead  in  a  barrel,  with  suflicient  water  to  work 
into  a  thin  paste,  diluting  finally  with  water  to  exactly  25  gallons. 
WTien  thoroughly  stirred,  each  gallon  of  the  stock  solution  will  thus 
contain  4  pounds  of  ai-senate  of  lead,  the  amount  necessary  for  100 
gallons  of  spray.  In  smaller  spraying  operations  the  proper  (juantit}^ 
of  arsenate  of  lead  may  be  weighed  out  as  needed,  and  thinned  with 
water.  In  all  cases  the  ai*senate  of  lead  solution  should  be  strained 
before  or  as  it  is  poured  into  the  spray  tank.  The  necessary  care 
should  be  exercised  to  keep  the  poison  out  of  the  reach  of  domestic 
and  other  animals. 

DANGER   OF   INJURY  FROM   SPRAYING. 

As  stated  elsewhere  in  this  bulletin,  the  foliage  of  the  peat  ii  t> 
extremely  sensitive  to  injury  from  such  sprays  as  Bordeaux  mixture 
and  arsenicals,  such  as  Paris  green,  arsenate  of  lead,  etc.  This  sensi- 
tiveness has  been  the  sole  reason  why  it  has  been  impracticable  to 
spray  peach  orchards  with  fungicides  and  insecticides  such  as  Bor- 
deaux mixture  or  Paris  green,  as  has  for  years  been  the  custom  in 
the  case  of  apples,  grapes,  and  oti.^.-  j,w.;-Ii,.  >•-  r.M.if. 
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Of  the  various  arsenicals  available  for  use,  well-made  arsenate  of 
lead  has  proved  to  be  the  safest.  Shortly  after  the  development  of 
this  comparatively  new  insecticide,  it  was  at  once  extensively  ex- 
perimented with  on  peaches  by  numerous  entomologists  and  it  was 
tried  to  a  limited  extent  by  peach  growers.  A  single  application  of 
arsenate  of  lead  in  water  did  not  result  in  injury  so  important  as  to 
prevent  its  use.  However,  when  two  or  three  applications  were 
made,  as  is  necessary  in  the  control  of  the  curculio,  serious  shot-holing 
and  falling  of  the  leaves  and  even  burning  of  the  fruit  resulted,  the 
latter,  in  extreme  cases,  falling  to  the  ground.  The  use  of  lime  with 
arsenate  of  lead  lessened  the  danger  of  injury  considerably,  but  used 
even  in  this  w^ay  for  two  or  three  treatments,  especially  under  certain 
weather  conditions,  resulted  in  extensive  injury  to  foliage  and  fruit. 

When  it  was  established  that  the  self-boiled  lime-sulphur  wash  was 
an  effective  fungicide  and  entirely  safe  as  a  spray  for  the  peach,  one  of 
the  interesting  questions  presented  was  whether  arsenate  of  lead 
might  be  safely  used  with  it  to  effect  a  combination  spray  for  both 
insects  and  diseases.  While  on  chemical  grounds  it  appeared  that 
the  addition  of  arsenate  of  lead  to  the  self-boiled  lime-sulphur  mixture 
would  result  in  an  important  decomposition  of  the  spray  and  greatly 
add  to  its  probable  injurious  character,  in  practice  the  combined 
spray  was  found  to  be  entirely  safe.  Observations  extending  over 
three  seasons  have  failed  to  show  any  serious  injury  resulting  from 
the  use  of  this  spray,  even  when  as  many  as  three  applications  were 
made.  Thus,  in  the  test  of  numerous  brands  of  arsenate  of  lead  at 
Barnesville,  Ga.,  during  1910,  carried  out  by  Mr.  E.  W.  Scott,  of  the 
Bureau  of  Entomology,  peach  trees  were  given  three  thorough  appli- 
cations: (1)  With  arsenate  of  lead  in  limewater  at  the  rate  of  2 
pounds  to  50  gallons,  and  (2)  in  the  self-boiled  lime-sulphur  wash 
used  at  the  same  strength.  In  all  cases  very  serious  injury  resulted 
to  fruit  and  foliage  on  the  plats  sprayed  with  the  arsenate  of  lead  in 
limewater,  whereas  there  was  no  discernible  injury  on  the  plats 
treated  with  arsenate  of  lead  in  the  self-boiled  lime-sulphur  wash. 
It  is  not  understood  why  the  arsenate  of  lead  apparently  loses  its  in- 
jurious properties  w^hen  used  in  the  self-boiled  lime-sulphur  wash, 
though  its  safe  employment  in  this  way  is  most  fortunate. 

In  the  schedule  of  applications  only  two  arsenate  of  lead  treat- 
ments are  recommended,  as  these  will  measurably  control  the 
curculio  and  a  third  treatment  would  considerably  increase  the 
danger  of  injury.  Where  the  curculio  is  very  destructive,  however, 
the  grower  should  use  his  judgment  as  to  whether  a  third  application 
of  the  poison  would  be  advantageous. 

The  effect  of  the  arsenate  of  lead  upon  the  fruit  is  to  increase 
its  color  notably.     This  increase  in  color  from  two  applications  in 
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self-boiled  limo-siilpluir  wash  improves  the  appeftrance  of  the  fniit. 
Three  or  even  two  applications  of  the  j)oison  alone  or  in  liinewater, 
however,  result  in  a  very  excessive  rechleninjj,  especially  on  the 
side  exposed  to  the  sun,  on  which  later  may  appear  brown,  sunken 
spots  of  variable  size,  acconij)anie(l  with  more  or  less  extensive 
crackinji;  of  the  skin.     This  condition  of  the  fruit  is  shown  in  iigure  l.'J. 

The  self-boiled  lime-sulphur  mixture  when  properly  prepared 
accordinfr  to  directions  does  not  injure  the  fruit  or  f()lia<^e,  but  if 
allowed  to  remain  hot  in  concentrated  form  before  dilution  enouj^h 
sulphur  may  go  into  solution  to  produce  injury  to  the  foliage. 
Users  of  this  spray  should  therefore  follow  carefully  the  directions 
given  for  its  preparation,  IxMiring  in  mind  lliat  a  good  mechanical 
mixture  of  the  sulphur 
and  lime  suspended  in 
water  and  only  slightly 
combined  is  desired 
rather  than  to  dis- 
solve any  considera- 
ble quantity  of  the 
sulphur. 

During  the  applica- 
tion of  the  spray,  it  is 
very  important  that 
the  mixture  be  kept 
well  agitated  to  insure 
its  uniform  distribu- 
tion. As  bot h the  self- 
boiled  lime -sulphur 
wash  and  the  arsenate 
of  lead  quickly  settle 
when  the  spray  is  left 
undisturbed,  an  ex- 
cessive amount  ma}^ 
be  appUed  to  some  trees,  wliile  others  receive  an  insufficient  quantity. 
AMiile  most  spraying e(iuipments  are  supplied  with  adequate  agitating 
apparatus,  the  orchardist  should  assure  himself  that  the  spray  is  being 
properly  stirred  in  the  tank  during  its  application.  Under  conditions 
of  imperfect  agitation  and  consequent  settling,  the  ingredients  of  the 
spray  may  be  applied  so  strong  that  serious  injury  will  result.  This 
has  been  observed  to  be  the  case,  especially  following  the  employment 
of  compressed-air  sprayers  with  inefficient  agitators. 

COST   OF  TREATMENT. 
The  cost  of  tlie  combijied  treatment  for  tlie  control  of  brown-rot, 

scab,    and    CUrculio  is  ilisi(r|iin(;mf    wlu'n   f.inii»Mr<M]   wltli   <1u>  r«.<iilfirur 
440 


Fi«J.  13.— Elborta  peach  sprayed   three  times  with  arsenate  of  lead, 
showing  the  browning  and  craclcing  effect  of  the  poison. 
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benefits.  The  trees  at  Baldwin,  Ga.,  were  sprayed  with  a  good  hand 
outfit,  and  3  men  were  able  to  s})ray  1,000  trees  a  day.  With  labor  at 
75  cents  a  day  (the  wages  paid  in  that  section),  arsenate  of  lead  at  10 
cents  a  pound,  sulphur  at  2  J  cents  a  pound,  and  lime  at  $1.10  a  barrel, ' 
the  cost  for  three  treatments  was  $27.60  a  thousand,  or  a  little  less 
than  3  cents  a  tree.  At  Fort  Valley,  Ga.,  a  gasoline-power  sprayer 
w^as  used.  The  trees  there  were  larger  and  the  water  was  not  so  con- 
venient, making  the  cost  somewhat  higher  than  at  Baldwin.  In  this 
case  the  cost  of  three  treatments  was  $32  a  thousand,  or  a  little  more 
than  3  cents  a  tree.  Where  wages  are  higher  the  cost  will  be  some- 
what greater.  For  three  treatments,  the  first  with  arsenate  of  lead 
alone,  the  second  with  self-boiled  lime-sulphur  and  arsenate  of  lead, 
and  the  third  with  self-boiled  lime-sulphur  alone,  the  cost  will  range 
from  3  to  5  cents  per  tree,  depending  upon  the  labor  conditions,  the 
size  of  the  trees,  the  convenience  of  the  water  supply,  and  the  equip- 
ment used.  For  average-sized  7-year-old  trees,  as  a  rule  1  gallon 
of  spray  per  tree  will  be  required  for  each  application.  In  the  first 
application  not  quite  so  much  will  be  required,  owing  to  scant  foliage 
at  that  time,  while  a  little  more  will  be  required  for  the  second  treat- 
ment. The  third  application  should  be  lighter  than  the  second, 
using  finer  nozzles  so  as  to  avoid  staining  the  fruit  with  blotches  of 
lime. 

From  the  experience  of  the  writers  it  seems  safe  to  conclude  that 
in  most  of  the  peach  orchards  of  the  eastern  United  States  an  increase 
per  tree  of  at  least  one-half  bushel  of  good  merchantable  fruit,  worth 
about  50  cents,  may  be  obtained  from  spraying  at  a  cost  of  3  to  5 
cents.  Spraying,  therefore,  is  the  most  profitable  of  all  the  orchard 
operations. 

SCHEDULE  OF  APPLICATIONS. 

Most  of  the  peach  orchards  in  the  eastern  half  of  the  United  States 
should  be  given  the  combined  treatment  for  brown-rot,  scab,  and 
curculio.  This  is  particularly  true  of  the  southern  orchards,  where 
all  these  troubles  are  prevalent.  In  some  of  the  more  northern 
orchards  the  curculio  is  not  very  troublesome,  but  as  a  rule  it  w^ill 
probably  pay  to  add  the  arsenate  of  lead  in  at  least  the  first  lime- 
sulphur  application. 

The  self-boiled  lime-sulphur  mixture  referred  to  in  the  following 
outlines  of  treatment  should  be  made  of  a  strength  of  8  pounds  of 
lime  and  8  pounds  of  sulphur  to  each  50  gallons  of  water,  and  the 
arsenate  of  lead  should  be  used  at  the  rate  of  2  pounds  to  each  50 
gallons  of  the  mixture  or  of  water.  When  the  poison  is  used  in 
water  there  should  be  added  the  milk  of  lime  made  from  slaking  2 
to  3  pounds  of  good  stone  lime.  When  used  in  the  lime-sulphur 
mixture  additional  lime  will  not  be  necessary, 
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Midseason  varieties.  Tlio  inidsoason  varieties  of  pouches,  sucli  as 
Reeves,  Belle,  Karly  Crawford,  Klherla,  Late  Crawford,  Chairs, 
Fox,  and  Beers  Smock,  should  he  sj)raved  tvs  follows: 

(I)  With  awciiato  of  lead  alone,  about  10  days  after  the  petals  fail,  or  at  the  time  the 

cal  y  xeH  a  re  nhed  d  i  h  j; .     ( l''i  l'  .  W) 


Fig.  14.— Yountrpmrhr^  showinethp  oarliest  and  latest  stages  at  wliich  the  first  urst-iiatf  of  I.a<l  trwitmcnl 

should  be  made. 

1^2;  Willi  .-.li- 1). .IK ■<!  uiiu'-.-ulj)hur  and  arsenate     ■  '      '    :  wo  weeks  later.  > 

five  weeks  after  the  i)etals  have  been  phed. 
(3)  With  self-boiled  lime-sulphur  alone,  four  t«>  liw  wttks  before  the  fruit  ripcii.<. 

late  varieties. — Tlie  Salway,  Heath,  Bilyeu,  and  varieties  with  a 
similar  ripening  period  should  be  given  the  same  treatment  prescribed 
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for  midseason  varieties,  with  an  additional  treatment  of  self-boiled 
lime-sulphur  alone,  to  be  applied  three  or  four  weeks  after  the  second 
application. 

Early  varieties. — The  Greensboro,  Carman,  Hiley,  Mountain  Rose, 
and  varieties  having  the  same  ripening  period  sliould  receive  the  first 
and  second  applications  prescribed  for  midseason  varieties. 

Wliere  the  curculio  is  not  particularly  bad,  as  in  Connecticut, 
western  New  York,  and  Michigan,  the  first  treatment,  which  is  for 
this  insect  only,  may  be  omitted.  Also  for  numerous  orchards 
throughout  the  Middle  States  where  the  insect,  especially  in  the 
younger  orchards,  is  not  yet  very  troublesome,  orchardists  should 
use  their  judgment  as  to  whether  the  first  application  may  be  safely 
omitted.  Where  peach  scab  is  the  chief  trouble,  and  brown-rot  and 
curculio  are  of  only  minor  importance,  as  may  be  the  case  in  some  of 
the  Allegheny  Mountain  districts,  satisfactory  results  may  be  had 
from  two  applications,  namely,  the  first  with  self-boiled  lime-sulphur 
and  arsenate  of  lead  four  to  five  weeks  after  the  petals  fall,  and  the 
second  treatment  of  the  above  schedule  with  self-boiled  lime-sulphur 
alone  three  to  four  weeks  later.  These  two  treatments,  if  thoroughly 
applied,  will  control  the  scab  and  brown-rot,  especially  on  the  early 
and  midseason  varieties,  and  will  materially  reduce  curculio  injuries. 
Even  one  application  of  the  combined  spray  made  about  five  weeks 
after  the  petals  fall  would  pay  well,  although  this  is  recommended 
only  for  conditions  where  it  is  not  feasible  to  do  more. 


[A  list  giving  the  titles  of  all  Farmers'  Bulletins  available  for  distribution  will  be 
sent  free  upon  application  to  a  Member  of  Congress  or  the  Secretary  of  Agriculture.] 
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U.  S.  Department  of  Agriculture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
Washington^  D.  C,^  February  H^  1911. 
Sir:  I  have  the  honor  to  transmit  herewith,  and  to  recommend  for 
publication  as  a  Farmers'  Bulletin,  the  accompanying  manuscript, 
entitled  "Lespedeza,  or  Japan  Clover." 

The  lespedeza  plant,  which  was  accidentally  introduced  into  the 
United  States  about  sixty  years  ago,  has  now  spread  over  all  the 
Southern  States  and  northward  into  Kansas  and  Pennsylvania. 
Over  all  of  its  area  it  is  highly  esteemed  as  a  constituent  of  pastures, 
and  in  the  lower  Mississippi  Valley  grows  so  luxuriantly  that  splendid 
crops  of  hay  are  cut. 

This  bulletin  is  based  on  manuscripts  prepared  independently  by 
Mr.  A.  D.  McXair,  of  the  Office  of  Farm  Management,  and  Mr.  W.  B. 
Mercier,  of  the  Office  of  Farmers'  Cooperative  Demonstration  Work, 
both  based  on  experience  and  study  of  the  plant  in  the  lower  Mis- 
sissippi Valley.  These  two  papers  have  been  combined  and  edited 
by  Mr.  C.  V.  Piper,  Agrostologist  in  Charge  of  Forage-Crop  Investi- 
gations, and  some  material  concerning  the  behavior  and  value  of 
lespedeza  in  other  States  has  been  added. 

On  account  of  the  high  value  of  lespedeza  in  a  comparatively 
limited  region,  a  great  deal  of  interest  in  the  crop  has  been  excited 
over  the  whole  area  where  it  grows.  This  bulletin  is  designed  to 
meet  the  increasing  demands  for  information,  and  it  is  also  hoped 
that  it  will  be  of  much  practical  value  in  the  region  where  the  crop 
is  at  present  most  utilized. 

Respectfully,  Wm.  A.  Taylor, 

Acting  Chief  of  Bureau, 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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INTRODUCTION. 

IvOspodoza,  or  Japan  clover  {Lespedeza  sinnu,]  i  iig>.  1  ami  2), 
is  a  native  of  eastern  Asia  that  was  first  found  in  this  conntry  in 
central  Georgia  in  184(>.  It  has  spread  since  then  so  that  it  now 
covers  more  or  less  abundantly  the  whole  area  from  central  New 
Jersey  westward  to  central  Kansas  and  southward  to  the  (lulf  of 
-Mexico  (fig.  3).  There  is  reason  to  believe  that  it  has  now  reached 
nearly  the  limits  over  which  it  will  spread  naturally.  A  com- 
mon iK^lief  exists  in  the  South  that  the  plant  was  first  introduced 
during  the  Civil  War.  This  is  erroneous,  though  it  is  doubtless  true 
tliat  the  spread  of  the  plant  was  greatly  increased  during  that 
truggle  by  the  movements  of  cavalry. 

Lespedeza  is  a  summer  annual  that  begins  its  growth  in  the  middle 
j)art  of  spring  but  does  not  reach  maturity  until  September  and 
October.  It  is  sometimes  confused  with  the  yellow-flowered  hop 
clovers^  but  is  readily  distinguished  by  its  purplish  blossoms,  which 
<lo  not  appear  till  August  or  later,  while  the  hop  clovers  bloom  early. 

Over  most  of  its  area  lespedeza  grows  only  4  to  G  inches  high,  and 
there  has  thus  arisen  the  common  idea  that  it  is  adapted  only  to 
grazing.  Under  favorable  conditions,  however,  especially  in  the 
lower  Mississippi  Valle}-  on  certain  soils,  the  plants  grow  conunonly 
to  a  height  of  12  inches,  frequently  reaching  18  inches,  and  in  excep- 
tional cases  24  to  30  inches.  Where  the  stand  is  very  thin  the  j)lants 
have  a  prostrate  habit,  but  wliere  it  is  thick  they  grow  upright,  and 
the  yield  of  hay  from  such  plants  is  large,  often  exceeding  2  tons  per 
acre  and  exceptionally  reaching  3  or  even  4  tons  per  acre  (fig.  4). 

Under  such  conditions  lespedeza  is  a  crop  of  very  high  value,  which 

has  become  more  and  more  appreciated  in  late  years,  so  that  many 

farmers  now  employ  it  in  regular  rotations.     It  is  not  improl)able 

that  a  wider  knowledge  of  the  merits  of  the  crop  will  cause  it  to  be 

iiore  generally  cultivated  and  i^erhaps  over  a  considerably  wider  area. 

lespedeza  grows  during  practically  the  same  season  as  certain  other 
leguminous  forage  crops;  i.  e.,  cowj^eas,  soy  beans,  velvet  beans,  and 
beggarweed.  Its  desirability  in  any  particular  place  will  depend 
upon  its  ability  to  compete  with  the  above-mentioned  crops. 
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LESPEDEZA  FOR  PASTURAGE. 

The  value  of  lespedeza  for  grazing  was  early  recognized,  and  it 
has  been  looked  upon  with  high  favor  as  a  constituent  of  pastures. 
It  grows  in  all  types  of  soil,  even  the  poorest,  and  thus  furnishes  a 
considerable  quantity  of  forage  in  pine  barrens  and  in  gravelly  soils 
where  scarcely  any  other  plants  grow^.  The  natural  spread  of  the 
plant  has  made  it  a  constituent  of  practically  every  pasture  in  the 
region  covered  by  its  distribution.  Everj^where  it  is  valued  for  its 
ability  to  grow  in  very  poor  soils,  either  in  fields  or  in  oj)en  w^ood- 
lands,  and  to  withstand  severe  drought.  Its  value  depends  upon  its 
palatabilit}^,  its  high  feeding  value,  which  approaches  alfalfa,  and 


Fig.  1.^ A  plant  of  lespedoza,  showing  the  character  of  growth  where  the  stand  is  thin. 

its  ability  to  thrive  under  all  sorts  of  conditions,  and  thus  to  furnish 
pasturage  in  the  summer  and  fall  till  killed  by  frosts.  It  wnll  w^ith- 
stand  almost  any  amount  of  grazing.  In  no  sense  can  it  be  considered 
a  weed,  as  it  quickly  succumbs  to  cultivation.  Like  other  clovers, 
it  sometimes  causes  horses  and  mules  to  "  slobber." 

The  best  pastures  in  the  South  are  perhaps  those  which  in  summer 
consist  of  Bermuda  grass  and  lespedeza.  With  the  addition  of  red- 
top  and  bur  clover,  sweet  clover,  or  hairy  vetch,  such  pastures  can 
be  grazed  the  year  around,  the  Bermuda  grass  and  lespedeza  growing 
in  summer,  the  others  mostly  in  winter.  In  poor  or  mixed  pastures 
lespedeza  commonly  holds  its  own  with  broom  sedge  and  similar 
coarse  grasses  and  unquestionably  adds  materially  to  the  grazing.  It 
is  perhaps  no  exaggeration  to  state  that  it  has  increased  the  carrying 
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capacity  of  practically  all  the  pasture  laiul  of  the  South  1) 
25  per  cent. 

I>espeileza  reseeds  itself  so  readily  that  it  is  rarely  necosn 
sow  it  on  pasture  lands.  This,  however,  is  often  desirable  in  :i 
pasture  or  in  old  pastures  where  for  any  reason  the  plant  doi-s  noi 


Pi,:     '2—\    i.lnnl 


i'MiNvInK   the   xipriL'b 
roasonnhly  thld. 


,1,.     vvlwr.-     fli 


itMIwI       i4 


occur.  It  occasionally  happens  that  the  lespedeza  seeds  sprout 
unusually  early  owing  to  favorable  weather,  and  the  plants  are  killed 
by  late  frosts.  Such  pastures  may  be  reseeded  simply  by  scattering 
the  seed  over  the  top  of  the  sod,  but  with  better  results  after  scratch- 
ing with  a  harrow.  Xew  pastures  should  be  seeded  early  in  the 
spring,  preferably  in  February  in  the  southern  tier  of  States  and 
later  northward.     Seedings  lie  middle  of  April  in  T^uisiana 
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liave  given  satisfactory  results.  An  excellent  stand  is  frequently 
secured  simply  by  spreading  the  manure  from  stock  fed  on  ripe  hay 
or  b}''  allowing  the  animals  to  run  freely  from  one  pasture  to  another 
when  the  seeds  are  ripe.  Sometimes  hay  Avith  ripe  seeds  is  scattered 
over  the  high  points  of  pastures  in  which  lespedeza  is  desired,  the 
winds  and  rains  spreading  the  seeds  over  much  of  the  field.  The 
seed  will  live  over  in  the  soil  at  least  one  year,  so  that  fairly  good 
stands  ma}-  be  expected  after  only  one  season  of  clean  tillage.  It  is 
not  wise,  however,  to  rely  wholly  on  such  volunteer  growth. 

LESPEDEZA  AS  A  FARM  CROP. 

Until  comparatively  recent  3^ears  lespedeza  was  utilized  mainly  as 
a  pasture  crop,  though  in  certain  sections  the  taller  growths  were  cut 


Fig.  3. — Map  of  the  southeastern  part  of  the  United  States  showing  the  approximate 
area  over  which  lespedeza  is  now  naturalized  and  within  which  (the  smaller  area)  it 
is  cut  for  hay. 

for  hay.  At  the  present  time,  however,  it  is  becoming  more  and  more 
used  as  a  regular  farm  crop,  the  seed  being  sowm  when  the  crop  is 
desired,  according  to  the  particular  rotation  employed.  On  favorable 
soils  or  Avith  good  treatment  it  gives  high  yields,  making  it  a  most 
profitable  crop.  The  experiences  of  farmers,  as  well  as  experiments, 
have  developed  many  different  methods  or  rotations  in  which  the 
crop  can  be  employed.  The  most  important  of  these  are  here  dis- 
cussed. 

Lespedeza,   like    other   legumes,   extracts   nitrogen    from   the    air 
through   the  bacterial  tubercles  or  ''  nitrogen  bulls "  on  the  roots. 
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this  plant,  lospetleza  is  nearly  always  naturally  inoculated.  It  is 
advisiihle,  however,  when  planting  it  for  the  first  time  in  new  soils 
to  provide  inoculation  either  by  tli«*  "-^'  "f  !^"r<'  'Mltiiros  or  l>y  tli«' 
soil-transfer  method.* 

BERMUDA  GRASS  AND  LESPEDEZA. 

I>es|)edeza  is  very  commonly  a  constituent  of  Bermuda-grass 
meadows,  and  probably  the  first  lespedeza  cut  for  hay  was  in  such 
a  mixture.  The  admixture  of  lespedeza  in  Bermuda  grass  is  in  every 
way  desirable.    AVhile  it  doi\s  not  add,  perhaps,  to  the  yield  of  hay,  it 


Flu.  4. — A  corner  of  a   Ic^pidi  za  haylirld  at   Muuiuc,   La.,  .sliuwliiK  haycocks  wUh  cunvas 
covers.     This  farm  produced  :'.00  tons  of  ha.v  from  115  acres  In   1907. 

materially  improves  the  quality.  Such  a  meadow  may  persist  for 
years,  but  eventually  the  ingress  of  weeds  reduces  its  value.  It  is 
seldom  necessary  to  sow  the  lespedeza,  as  it  usually  finds  its  w^ay  into 
the  Bermuda -grass  meadow  quickly. 

REDTOP   AND   LESPEDEZA. 

Redtop  makes  an  excellent  combination  with  lespedeza  in  the  same 
field,  yielding  a  crop  of  each  every  year.  The  redtop  is  preferably 
sown  in  the  fall  and  the  lespedeza  on  the  same  land  the  following 
February.  The  redtop  is  cut  about  June  1,  at  which  time  the  clover 
is  only  3  to  4  inches  high.  Following  the  cutting  of  redtop,  the  lespe- 
deza occupies  the  ground  exclusively  until  September  or  October. 

*  See  Circular  No.  dS  of  the  Bureau  of  PUint  Industrj'.  entitled  *'  Methods  of 
Legume  Inoculation." 
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when  it  is  likewise  cut  for  hay.  The  redtop,  being  perennial,  comes 
again  the  following  year,  while  the  lespedeza  reseeds  itself.  Each 
crop  reproduces  indefinitely  with  proper  management  or  until  broom 
sedge  creeps  in,  which  occurs  usually  about  the  third  year.  It  then 
becomes  necessary  to  break  the  land  and  plant  something  else. 

In  some  of  the  valleys  of  western  Arkansas  only  the  redtop  is 
sown,  the  lespedeza  growling  as  a  volunteer  crop.  Grown  in  this  way, 
the  lespedeza  is  free  from  mixture  at  cutting  time,  and  is  of  high 
quality,  at  least  as  long  as  the  broom  sedge  does  not  appear. 

The  cutting  of  the  redtop  should  not  be  delayed  too  long,  as  it 
results  in  an  inferior  quality  of  hay,  and  is  apt  to  decrease  the  yield 
of  lespedeza  hay. 

The  crops  of  redtop  and  lespedeza  succeed  best  on  bottom  lands 
where  there  is  plenty  of  moisture  and  even  where  it  is  too  wet  for 
corn  and  cotton. 

The  combination  of  redtop  and  lespedeza  is  different  from  that  of 
Bermuda  grass  and  lespedeza  previously  mentioned,  for  the  reason 
that  the  Bermuda  grass  and  lespedeza  have  the  same  season  of 
growth,  and  the  hay  produced  is  a  mixture  of  the  two,  Avhereas  the 
redtop-lespedeza  combination  yields  first  a  cutting  of  redtop  and 
later  in  the  season  a  cutting  of  practically  pure  lespedeza  hay. 

OATS   AND   LESPEDEZA. 

The  combination  of  oats  and  lespedeza  is  quite  commonly  em- 
ployed by  progressive  farmers.  The  seed  of  lespedeza  is  sometimes 
sown  with  the  grain  in  the  fall,  but  it  is  preferable  to  wait  until 
February  or  March.  In  sowing,  15  pounds  of  seed  per  acre  is  suffi- 
cient, though  25  pounds  is  often  sown.  It  is  advisable  to  harrow  the 
seed  in  lightly  after  sowing.  With  proper  handling,  such  a  rotation 
can  be  continued  several  years  without  resowing  the  lespedeza.  For 
this  purpose  good  results  may  be  obtained  on  some  soils  b}^  disking 
the  lespedeza  stubble  rather  than  plowing. 

For  example,  Mr.  Guy  P.  Stubbs,  of  Ouachita  Parish,  Louisiana, 
had  a  large  acreage  of  lespedeza  in  1907,  w^hich  was  harvested,  and 
the  land  plowed  and  sowed  to  oats  in  October  and  November.  The 
oats  were  cut  about  June  1,  1908,  giving  a  yield  of  35  bushels  per 
acre.  When  the  oats  were  cut,  the  volunteer  lespedeza  w^as  about  4 
inches  high,  and  this,  when  harvested,  yielded  2  tons  of  cured  hay  per 
acre.  Assuming  the  oats  to  be  worth  60  cents  a  bushel  and  the  hay 
$14  a  ton,  there  was  produced  $21  worth  of  oats  and  $28  worth  of 
hay,  a  total  value  of  $49  per  acre. 

Perhaps  in  no  case  does  this  rotation  represent  the  entire  system  of 
farming  on  any  particular  farm,  but  it  is  a  feature  of  many  farms. 
It  is  fairly  common  in  parts  of  Louisiana  and  Mississippi,  but  is  not 
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permanent  on  any  one  fjirni.  StuuuT  or  lator.  corn  or  cotton  or  both 
occupy  the  huul  for  a  season.  This  is  due  to  the  fact  that  it  is  a  rota- 
tion without  an  intcrtillcil  crop  and  pennit>  tho  multiplication  of 
weeds,  jiarticularly  hrooin  sod^c  and  rajrwciMl. 

CORN,  OATS,  AND  LESPEDEZA. 

A  three-year  rotation  of  corn,  oats,  and  lesjjedeza  has  much  to 
commend  it.  Corn  is  harvested  the  first  year,  oats  and  lespedeza  the 
second  year,  and  the  lespedeza  alone  the  third  year.  Sometimes  the 
lespetleza  is  allowed  to  reseed  itself  and  is  harvested  the  fourth  year. 
Such  a  system  is  used  by  Mr.  Jacob  Grewe,  of  Ouachita  Parish, 
I^uisiana.  In  the  fall  of  1008  Mr.  Grewe  sowed  .55  acrt^s  of  Monroe 
sandy  loam  soil  ^  to  winter  oats,  and  in  February,  1009,  sowed  les- 
pedeza in  the  oats.  The  oats  were  cut  about  June  1,  yieldin^r  1.400 
bushels,  or  about  25J  bushels  per  acre.  Mr.  Grewe  states  that  his 
second  year's  crop  of  lespedeza  is  usually  better  than  the  first,  and 
yields  2  to  3  tons  per  acre  on  good  land. 

This  three-year  rotation  is  really  part  of  a  four-year  rotation  in 
which  cotton  should  be  included,  especially  in  those  sections  not  yet 
infested  by  the  boll  weevil.  In  Mr.  Grewe's  case  he  omitted  the  cot- 
ton, not  Wause  it  did  not  fit  into  his  system,  but  because  the  boll 
weevil  had  done  so  much  damage  tlmf  lie  wns  rontcnf  to  drop  cotton 
and  plant  something  else. 

This  rotation  permits  the  farming  of  much  more  land  than  corn 
and  cotton  alone.  The  additional  work  of  harvesting  oats  is  quickly 
performed  and  the  extra  work  of  harvesting  lespedeza  comes  in  the 
fall  when  it  does  not  interfere  with  other  work.  If  there  is  any  in- 
terference, the  cutting  of  lespedeza  can  be  delayed  without  serious 
injury,  provided  only  that  it  is  cut  before  it  is  injured  by  frost. 

This  sequence  of  crops,  moreover,  is  well  calculated  both  to  improve 
the  land  and  to  increase  yields.  lespedeza  is  comparable  with  co\v- 
j>eas  as  a  fertilizer  and  occupies  the  land  two  seasons  out  of  three. 
This  rotation  also  checks  soil  erosion.  l)ecause  the  fields  are  covered 

with   oats   onp    wiTifcr    MTid    witll    lc<p»'<l../r!    ^fiil.1.1..    fwo    \vi?.t«Ms.   l^^^i    i>f 

the  three. 

COTTON,   CORN.  OATS,  AND  LESPEDEZA. 

A  rotation  of  cotton,  corn,  oats,  and  lespedeza,  which  is  followed  by 
Mr.  Kenneth  McKay ^  of  East  Feliciana  Parish,  Louisiana,  may  be 
either  a  four-year  or  a  five-year  rotation,  depending  on  whether  the 
lespedeza  stands  two  years  or  three  years.  It  calls  for  more  comment 
and  discussion  than  the  preceding  .systems,  because  it  embraces  the 

*  For  a  description  of  Monroe  sandy  loam,  soo  tlio  Fifth  AnnnrH  !^'•'*<-♦  •' 
the  Bureau  of  Soils,  1903,  pi).  41»-438. 
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leading  crops  of  the  South.  Any  cropping  system  designed  for  the 
cotton  belt  and  embracing  lespedeza  should,  if  possible,  include  the 
two  crops  which  are  most  important  in  that  region,  viz,  cotton  and 
corn.  As  a  four-year  rotation  this  is  outlined  in  detail  in  the  follow- 
ing table : 

Table  I. — A  four-year  rotation  of  cotton,  corn,  oats,  and  lespedeza. 


Year.' 


First. . 
Second 
Third. 

Fourth 


First  field. 


Second  field. 


Cotton Corn    (with   cowpeas 

j      between  the  rows). 
Com    (with   cowpeas  l  Oats,  followed  by  les- 

between  the  rows).    I      pedeza. 
Oats,  followed  by  les-  '  Lespedeza 

pedeza.  ! 

Lespedeza Cotton 


Third  field. 


Oats,  followed  by  les- 
pedeza. 
Lespedeza 


Cotton . 


Corn    (with   cowpeas 
between  the  rows). 


Fourth  field. 


Lespedeza. 
Cotton. 

Com  (with  cow- 
peas between  the 
rows). 

Oats,  followed  by 
lespedeza. 


Provision  is  here  made  for  five  crops  in  four  years  (six  crops,  if 
the  cowpeas  are  counted),  as  follows: 

One  money  crop — cotton. 

Two  cereals  for  money  or  feed — corn  and  oats. 

Two  hay  crops  for  money  or  feed — lespedeza. 

A  pasture  or  fertilizing  crop — cowpeas. 

Lespedeza  is  also  a  fertilizing  crop.  Thus  three  years  out  of  four 
the  land  is  provided  with  crops  that  provide  humus  and  nitrogen. 

In  this  system  only  half  the  land  is  in  intertilled  crops,  corn  and 
cotton,  the  other  half  being  devoted  to  oats  and  lespedeza.  This  has 
an  important  bearing  on  the  acreage  that  can  be  farmed.  Where 
cotton  and  corn  are  the  only  crops  or  almost  the  only  crops  grown  it 
means  a  small  acreage  for  each  man  and  for  each  horse,  because  all  or 
nearly  all  the  land  that  is  cropped  must  be  intertilled. 

It  is  entirely  practicable,  if  desired,  to  abandon  the  lespedeza  at 
the  end  of  the  third  year  and  plant  cotton  the  fourth  year,  making 
it  a  three-year  rotation. 

The  leading  advantages  of  the  rotation  just  described  over  the 
plan  of  growing  cotton  and  corn  exclusiA^ely  are  as  follows:  (1)  It 
enables  the  farmer  to  farm  more  acres  per  man  and  per  horse;  (2) 
it  enriches  the  soil,  thereby  increasing  the  yield  per  acre  of  every 
crop;  and  (3)  as  a  result  of  the  foregoing  advantages  the  farmer's 
income  is  greatly  increased. 

It  is  interesting  to  compare  the  four-year  rotation  just  outlined 
with  that  well-known  three-year  rotation  of  cotton,  corn  with  cow- 
peas, and  oats  followed  by  cowpeas.  The  rotations  are  similar. 
Substitute  lespedeza  for  cowpeas  in  the  third  year,  and  let  the 
lespedeza  perpetuate  itself  so  that  it  can  be  harvested  the  fourth  year, 
and  we  have  exactly  the  four-year  rotation  here  presented. 
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Olio  notablo  advantage  of  tlio  Icspcdeza  over  the  cowpeas  is  that 

I  ho    h'spoiU'za    involvos    no    hihor    iniinodiatoly    aftor    oat    liarvost, 

whoroas  tho  oat  .stiibl)k'  must  bo  oithor  ph)wo(l  or  diskod  to  proparo 

for  phinting:  cowpeas.     The  j^eriod  of  oat  harvest   (late  May  and 

iirly  Juno)  is  a  tiuio  whoii  farniors  aro  busy  cult i vat in«;  thoir  crops 

'f  cotton  and  corn,  and  aro  particuhirly  crowded   if  tho  season   is 

vet;  hence,  there  is  little  time  to  prepare  land  and  plant  cowpeas. 

Uut  if  lospodoza  is  sown  on  tho  oat  field  in  February  it  will  usually 

lio  about  ''\  inches  hiirli  at  out  harvest. 


LESPEDEZA  IN  DAIRY-FABM  ROTATIONS. 

An  excellent  rotation  for  a  dairy  farm  in  which  hvsjH*.- /  ,       ,.     . 
used  for  hay  and  also  for  pasture  is  as  follows: 

1  ABLK  II. — .4  four-yvar  rutatum  fur  a  dairjf  farm,  with  If^npedeza  for  hay  and 

pastun: 


Yew. 

First  field. 

Second  field. 

Third  field. 

Fourth  field. 

1  iist 

Com  (with  cowpeas 
between  the  rows). 

Soy  l)eans  or  Spanish 
peanuts.* 

Oats 

Lespedeza 

Soy  beans « 

Oats 

Oats                   .  .  . 

Lespedeza. 

1  .espedeza 

Second 

I  -espedexa 

Tom    (with    cow- 

rhlnl  

i  ourth 

l^espedeza. . 

I^pedeza...: 

Com    (with   cowpeas 
Itetween  the  rows.) 

Com  (with  cowpeas 
between  tlie  rows). 

Soy  beans  or  Spanish 
l>eanuts.» 

peas  Ijetween  the 
rows). 

Soy  l>eans  or  Span- 
ish pejinuUs.' 

Oats. 

I^espedeza. 

*  r«»anut8  may  be  substituted  for  soy  beans  in  thi.s  rotation.  In  which  caso  tlio  p«>nnuts 
may  !»<•  us«»d  as  cow  feed  <>r  hog  feed,  or  J)oth,  or  may  be  sold  as  a  money  crop. 

A  farm  of  60  acres  divided  into  4  fields  of  15  acres  each  and 
roppod  according  to  this  plan  would  furnish  all  the  hay  and  grain 
iioodod  for  3  work  horses,  10  cows  in  milk,  and  enough  hogs  to  make 
1,000  pounds  of  live  pork,  and  would  supply  5  to  10  tons  of  surplus 
hay  for  sale.  This  is  on  the  assumption  of  a  yield  of  40  bushels  of 
•orn  per  acre,  20  bushels  of  .soy  beans  and  1  ton  of  soy-bean  hay  per 
acre,  40  bu.shels  of  oats  per  acre,  and  2{  tons  of  lespedeza  liay  per 
acre. 

Such  yields  could  not  \)v  Kxjked  lor  ihr  lirsi  season  unU-ss  llif  huid 
was  very  good,  but  the  practice  of  this  rotation,  together  with  the 
nanure  produced  on  such  a  farm,  would  soon  bring  it  to  this  .stand- 
ard with  only  a  moderate  use  of  commercial  fertilizers.  In  addition 
to  the  hay  and  grain  produced,  this  farm  woidd  furnish  half  the 
pasture  needed  for  the  live  stock.  The  other  half  might  be  obtained 
from  a  permanent  Bermuda -gra.ss  pasture,  which  could  be  provided 
separate  and  apart  from  the  rotation  outlined. 

For  pasture  purposes,  a  rotation  of  crops  embracing  lespedeza  is 
superior  to  one  embracing  only  the  larger  annual  legumes,  like  cow- 
peas, peanuts,  and  soy  beans.     Alfalfa  is  more  productive,  but  is 
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scarcely  suitable  for  short  rotations  and  is  not  so  generally  adapted 
to  southern  soils.  Soy  beans,  peanuts,  and  cowpeas  fit  nicely  into 
various  rotations,  but  they  are  not  pasture  plants  except  for  hogs, 
and  even  then  principally  for  their  grain.  Lespedeza,  however,  is 
good  for  both  hay  and  pasture,  and  its  pasture  season  includes  the 
months  from  May  to  October,  inclusive.  It  can  be  grazed  all  the  sea- 
son and  come  again  the  next  year;  it  can  be  grazed  until  June,  and 
will  then  make  hay  in  the  fall ;  or  it  can  be  cut  in  August  and  grazed 
the  rest  of  the  season  and  still  make  seed  to  renew  the  stand. 

HARVESTING  LESPEDEZA. 

The  date  of  harvesting  lespedeza  Avill  depend  upon  whether  the  crop 
•is  for  hay  or  seed  or  both.  The  plants  usually  begin  to  blossom  in 
late  summer,  and  it  is  the  common  practice  to  cut  for  hay  in  October, 
after  some  of  the  seeds  are  mature.  Where  it  is  desirable  to  have  the 
crop  reseed  itself,  some  6f  the  seeds  must  be  allowed  to  mature,  which 
can  be  accomplished  in  several  ways :  (1)  The  crop  may  be  cut  early, 
not  later  than  the  time  the  first  blossoms  appear,  in  which  case  a 
new  growth  starts  from  the  stubble  and  matures  seed  before  frost; 
(2)  the  crop  may  be  cut  after  some  of  the  seeds  have  matured,  enough 
being  shattered  in  mowing  and  handling  to  seed  the  land  for  the 
succeeding  crop;  and  (3)  the  mower  may  leave  narrow  strips  of  the 
plants  uncut  at  each  round. 

Isolated  plants  of  lespedeza  have  nearly  prostrate,  spreading 
branches  which  are  too  near  the  ground  to  be  mowed  but  which  bear 
seed  abundantly.  When,  however,  the  plants  are  tall  and  crowded, 
they  grow  perfectly  erect  with  nearly  erect  branches  and  no  seeds  are 
produced  near  the  ground.  It  is  quite  easy  to  tell  from  the  appear- 
ance of  a  field  mown  before  any  seed  is  ripe  whether  a  succeeding 
crop  may  be  expected.  If  there  are  prostrate  branches  in  the  stubble, 
the  number  of  these  will  determine  whether  enough  seed  will  be  pro- 
duced to  renew  the  stand. 

YIELDS  OF  HAY. 

Lespedeza  is  commonly  harvested  with  an  ordinary  mowing  ma- 
chine, and  it  is  usually  not  profitable  to  cut  for  hay  unless  the  height 
is  8  inches  or  more,  for  if  shorter  the  hay  is  very  difficult  to  rake. 

The  lespedeza  plant  contains  less  water  than  any  other  cultivated 
legume,  so  that  it  is  not  difficult  to  cure.  It  cures  more  easily  and 
quickly  than  red  clover,  alfalfa,  or  cowpeas,  though  not  as  quickly 
as  timothy.  It  must  not,  of  course,  be  stored  or  baled  too  soon,  else 
it  will  heat  and  mold  like  other  hay  plants. 

In  good  haying  weather  mowing  can  begin  as  soon  as  the  dew  is 
off,  and  the  lespedeza  can  be  raked  into  windrows  the  same  day.     It 
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should  stand  in  the  windrows  at  least  a  day  and  then  be  put  in  small 
coi-Ivs  until  (Mii-ed. 

On  the  lands  best  adapted  to  the  growing  of  lespedeza,  yields  of 
IJ  to  'ii  tons  per  acre  are  common.  Such  land  normally  yields  30  to 
35  bushels  of  oats  per  aero.  AMiert*.  lesi)edeza  grows  witli  its  accus- 
tomed thickness  to  the  height  of  8  or  0  inches,  a  yield  of  a  ton  to  the 
acre  ma}*  be  expected,  allowing  2  inches  for  the  stubble.  A  height  of 
12  to  14  inches  will  give  approximately  2  tons  per  acre,  and  at  its 
extreme  height  of  24  to  30  inches  maximum  yields  of  4  tons  or  even 
mon»  have  been  reported. 

HARVESTING  FOR  SEED. 

Seed  of  lespedeza  is  at  present  harvested"  mostly  in  Louisiana  and 
to  a  less  extent  in  Mississippi.  For  this  purpose  the  crop  is  mown 
before  frost,  when  the  larger  part  of  the  seeds  have  matured  but  the 
plants  are  still  green.  It  should  be  raked  immediately  after  mow- 
ing, or  when  it  is  wet  with  dew,  so  as  to  prevent  shattering  and  to 
permit  it  to  cure  entirely  in  the  windrows.  More  conunonly,  how- 
ever, the  newly  cut  lespedeza  is  put  into  small  cocks  called  "pats." 
These  pats  are  so  small  that  they  will  dry  out  even  if  rained  on.  A 
few  gi'owers  are  using  bunching  attachments  to  the  mowing  ma- 
chines which  automatical!}'  leave  the  crop  in  small  bunches.  When 
thoroughly  dry  the  crop  is  put  in  the  barn  or  stack,  or  even  thrashed 
directly  from  the  field.  For  hauling,  the  wagon  should  have  tight 
wagon  frames  or  else  have  sheets  spread  over  the  bottom  so  as  to 
catch  th^  loose  seed.  Much  care  should  also  be  taken  in  unloading 
from  the  wag<ms,  as  otherwise  much  seed  will  be  lost. 

For  thrashing  the  straw  should  be  thoroughly  dry,  as  otherwise 
much  trouble  is  experienced  on  account  of  the  mucilaginous  nature 
of  the  plants.  After  thrashing,  the  seed  should  be  spread  out  rather 
thinly  on  the  floor  to  dry.  Much  depth  should  be  avoided,  as  other- 
wise the  seeds  are  likely  to  heat  and  become  moldy.  For  commer- 
cial purposes  the  seed  should  be  run  through  a  fanning  machine  for 
recleaning,  but  iov  farm  purposes  may  be  used  as  it  comes  from  the 
thrasher.  Good  seed  recleaned  but  unhulled  weighs  alK)ut  25  pounds 
to  the  bushel.  Practically  all  the  seed  on  the  market  is  unhulled. 
(See  fig.  5.) 

For  home  use  usually  sufficient  seed  can  be  obtained  from  the 
bottom  of  the  hay  mow.  especially  if  the  hay  is  cut  after  a  consider- 
able portion  of  the  seeds  have  ripened. 

A  cheap  and  easy  method  of  saving  seed  for  home  use,  though  some 
growers  use  the  same  method  in  saving  seed  for  the  market,  is  what 
is  known  as  the  pan  method.  A  galvanized  iron  pan  is  attached  to 
the  rear  of  the  cutter  bar  of  the  mowing  machine  and  extends  about 
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2^  feet  back,  being  as  long  as  the  bar  itself.  Small  iron  rods  extend 
across  the  pan  in  the  direction  of  the  line  of  motion.  A  man  walks 
behind  and  as  the  lespedeza  falls  on  the  iron  rods  he  rakes  it  off,  letting 
it  fall  on  the  ground.  In  this  operation  considerable  seed  shatters 
into  the  pan  and  is  removed  when  the  pan  is  full.  This  is  afterwards 
cleaned  with  a  fanning  mill.     (See  fig.  6.) 

It  is  usuall}^  best  to  utilize  the  comparatively  short  crop  grown 
on  hill  lands  for  gathering  seed,  as  there  is  nuich  less  straw  to  thrash 
and  the  seed  yield  is  usually  as  great  or  greater.  Furthermore,  where 
the  ])lants  are  tall  the  large  yield  of  hay  makes  it  more  valuable  than 
the  seed  crop  would  be. 


HULLED  U A/ HULLED 


/flFALFA    QEEO. 


Fio.  5. — Seed  of  lespedeza  and  alfalfa,  showing;  relative  sizes. 

The  yield  of  seed  varies  from  5  to  12  bushels  per  acre  and  com- 
monly commands  a  price  of  $3  to  $3.50  per  bushel.  At  the  present 
time  the  demand  is  greater  than  the  supply.  The  straw  from 
thrashed  lespedeza  has  considerable  value  as  feed  and  it  is  not 
uncommonly  baled  for  this  purpose. 

POSSIBILITY  OF  EXTENDING  THE  LESPEDEZA-PRODUCING  AREA. 

Figure  3,  page  8,  shows  the  approximate  area  over  which  lespe- 
deza now  occurs  naturally  and  also  the  area  within  which  it  is  cut 
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for  hay.  It  is  n  maltn  Imih  ul  mttn^i  ami  ol  iiiiportami'  to  do- 
termine  whether  tliis  an'a  ran  he  extended  to  emhrace  at  least  all  the 
cotton  bi'lt.  The  easteni  half  of  the  cotton  Iwlt  differs  from  the 
central  pail  scaively  at  all  in  climate,  hut  does  differ  <rivatly  in  soils. 
lA'spedeza  ^x)ws  especially  well  in  the  lower  Mississippi  Valley  on 
the  black  lands  and  on  soils  composed  lar^ly  of  silt.  On  the  hlack 
soils  alfalfa  often  thrives  luxuriantly.  Hut  even  on  lands  that  will 
not  grow  alfalfa  well,  lespedeza  produces  fine  crops.  On  the  other 
hand,  in  eastern  Alabama,  Georgia,  South  Carolina,  and  northeni 
Florida  lespedeza  seems  rarely  to  grow  tall  enough  to  justify  cutting 

for    haV.        WllCtluT    ll'"    \;i)lii'    «»r    <!)•'    crop    U<»nl<)     Iii<^lif\     vIwmIhI    trr'it- 


Fiii.  6. — I>eap»Hl«»za  pan.  with  top  raised  to  show  wires  or  rods  between  wliicli  the  8«mh1 

f:llls    int. I    111.'    ii.iii    ulu'ii    f)i.>   ri-.m    i>.    Iinrvst  ..1 


iiiviii.    ii>    iiiiiiiiL:    ;niu    iii;i  ii  iii  i  iii:.    ill     l<)(";i  i  il  ir>    wiii'it'    oiiirr    Miiiimer 

legmnes  like  cowpeas,  beggarweed,  soy  beans,  and  velvet  beans  aix* 
being  gi'own  successfully  is  doubtful.  The  question  requires  experi- 
mental investigation. 

Xorthward  it  is  hardly  likely  that  lespedeza  will  ever  be  anything 
more  than  a  grazing  plant,  the  season  being  too  short  to  allow  the 
luxuriant  growth  attained  in  Louisiana  and  Mississippi. 

One  other  factor  may  be  important.  Lespedeza  is  a  variable  plant, 
sufficiently  so  to  justify  the  separation  of  the  various  types  in  the 
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hope  that  the  best  may  grow  large  enough  to  yield  hay  crops  over  a 
wider  area  than  is  now  suited  to  the  plant. 

Pending  further  investigations  it  should  be  borne  in  mind  that  the 
use  of  lespedeza  as  a  hay  crop  is  recommended  only  in  the  region 
indicated  on  the  map  (fig.  3),  and  that  even  within  the  area  there 
shown  the  plant  does  not  grow  tall  on  the  poorer  soils,  although  it 
responds  remarkably  w^ell  to  both  manure  and  lime. 

SUMMARY. 

(1)  Lespedeza,  or  Japan  clover,  introduced  into  the  United  States 
from  Asia  about  sixty  years  ago,  now  occurs  from  New  Jersey  west- 
ward to  Kansas  and  soutliAvard  to  the  Gulf  of  Mexico. 

(2)  Lespedeza  is  an  annual  and  is  esteemed  as  a  constituent  of 
pastures,  being  especially  valuable  for  this  purpose  on  poor  or  thin 
soils  where  other  plants  do  not  thrive.  It  withstands  drought  well 
and  matures  seed  under  very  severe  grazing ;  hence,  it  is  rarely  neces- 
sary to  resow  it  on  pasture  lands. 

(3)  Artificial  inoculation  with  nitrogen-fixing  bacteria  is  neces- 
sary only  w^ien  the  seed  is  first  sown  on  new  land. 

(4)  At  the  present  time  lespedeza  can  be  reconuiiended  as  a  hay 
crop  only  on  the  fertile  lands  of  the  lower  Mississippi  Valley  and 
on  certain  silt  soils,  where  it  frequently  attains  a  height  of  from  12 
to  30  inches  and  yields  from  two  to  four  tons  of  hay  per  acre.  Only 
one  cutting  of  hay  can  be  obtained  in  a  season. 

(5)  In  other  regions  lespedeza  seldom  growls  more  than  4  to  6 
inches  high,  and  under  such  conditions  it  is  unlikely  that  the  plant 
will  be  profitable  for  other  than  grazing  purposes. 

(6)  With  Bermuda  grass  lespedeza  produces  excellent  pastures  in 
the  South,  materially  improving  the  quality  of  the  hay  without  per- 
haps increasing  its  quantity. 

(7)  Under  conditions  where  it  thrives,  lespedeza  has  increased  the 
carrying  capacity  of  permanent  pasture  lands  of  the  South  by  at 
least  25  per  cent. 

(8)  The  lespedeza  plant  has  a  lower  moisture  content  than  any 
other  cultivated  legume  and  can  be  cured  more  rapidly  than  red 
clover,  alfalfa,  or  cowpeas,  though  not  as  quickly  as  timothy. 

(9)  The  present  demand  for  the  seed  of  lespedeza  is  greater  than 
the  supply.  Under  favorable  conditions  the  yields  are  from  5  to  12 
bushels  of  seed  per  acre,  which  command  a  price  of  $3  to  $3.50  a 
bushel. 

(10)  In  the  lower  Mississippi  Valley  the  plant  is  being  increas- 
ingly sown  in  regular  rotation  with  excellent  results. 

441 


LKSPKDi:/  I'.l 

(11)  Alfalfa   is  more  protluclivo   than   K.-^iM'tU'/a,  hut   is  scartely 

Sllitahle     for     sh'"<      r..lMi;..M^     .mil      i^     nnt      ^o     .r,.iu.irill\      !i-l!ii,fi..l      (o 

southern  soils. 

(12)  For  pasluiv  jnii|M»M'>  in  the  h>\ver  Mi.>>i>^ij>j>i  XalKy  a  ro- 
tation emhraein^  lespecleza  is  superior  to  one  involving  only  the 
hu'«rer  annual  lefi:uines,  such  as  cowpeas,  peaiuits,  and  soy  beans,  les- 
petleza  being  excellent  for  both  pastura'^e  and  hay,  whereas  the  other 

l(^«r||  nii'^,  iMi'iit  t(  >ii<'<]   •\fo  iioi    I  >n»i  )crl  V    iiM^lnic  crnps. 


(A  list  giving  tlie  titles  of  all  FaniHMs'  ItiilUMliis  available  for  diHtrilnitioii 
will  Ik>  scMit  free  ui>oii  ai)i>licatiuu  to  a  Member  of  Congress  or  the  Secretary  of 
Agriculture.] 

o 
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Bureau  or  Entomology, 

Washington^  D.  C.^  February  21^^  1911. 
Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  entitled 
"  The  Treatment  of  Bee  Diseases,"  by  E.  F.  Phillips,  Ph.  D.,  in  charge 
of  bee  culture  in  this  bureau.  In  the  preparation  of  this  paper, 
which  is  intended  to  supersede  Circular  79,  of  this  bureau,  the  aim 
has  been  to  give  briefly  the  information  needed  by  the  beekeeper 
who  has  disease  in  his  apiary.  No  discussion  of  the  cause  or  distri- 
bution of  these  diseases  has  been  included.  I  recommend  the  publica- 
tion of  this  paper  as  a  Farmers'  Bulletin. 
Respectfully, 

L.  O.  Howard, 
Entomologist  and  Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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INTRODUCTION. 

The  diseases  which  attack  the  honey  bee  may  be  divided  into  two 
(•hisses,  namely,  those  affecting  the  brood  and  those  to  which  the 
nthih  bei's  aiv  subject.  The  diseases  of  aduU  bees  have  not  been  in- 
^estigated  sufficiently  to  make  it  possible  at  the  present  time  to  recom- 
mend methcxls  for  their  treatment.  In  the  present  bulletin,  therefore, 
only  a  brief  statement  concerning  these  diseases  will  be  made,  mainly 
for  the  purpose  of  indicating  the  present  state  of  knowledge  on  these 
subjects.  Concerning  the  diseases  of  the  brood  more  is  known,  and 
this  is  particularly  fortunate  since  they  are  far  more  destructive  in 
American  apiaries  than  are  the  diseases  of  the  adult  bees. 

The  causes  of  bee  diseases  will  not  be  discussed  here.  For  inlorina- 
tion  on  this  phase  of  the  subject  the  reader  is  referred  to  other  pub- 
lications of  the  Bureau  of  Entomology,  which  are  listed  at  the  end  of 
this  bulletin.  The  aim  of  this  bulletin  is  to  give  information  that 
can  be  used  by  the  j)ractical  beokeeper  in  combating  Ix'e  diseases. 

THE  BROOD  DISEASES  OF  BEES. 

The  brood  diseases  of  the  honey  bee  are  already  widely  distributed 
in  the  United  States  and  seem  to  be  spreading  rather  rapidly.  The 
loss  to  the  beekeepers  of  the  country,  owing  to  the  actual  death  of 
colonies  by  disease,  is  estimated  conservatively  at  $1,000,000  annually. 
This  does  not  include  the  loss  of  crops,  resulting  from  the  destruction 
of  colonies,  or  the  discouragement  to  the  beekeeper  which  often 
causes  him  to  give  up  the  business.  A  considerable  part  of  this  loss 
is  due  to  the  indifference  of  the  beekeepers  to  these  diseases  and  a  lack 
of  knowledge  concerning  them. 

It  frequently  happens  that  colonies  in  an  aiHary  become  infccled 
before  the  owner  realizes  that  disease  is  present.  He  may  errone- 
ously attribute  the  losses  observed  to  some  other  cause.  In  this  Vi'ny 
the  disease  gets  a  start  which  makes  eradication  difficult  when  once 
I  he  cause  of  the  loss  has  lx»en  discovered.  In  view  of  the  widespread 
distribution  of  these  diseases,  it  is  most  desirable  that  all  l>eekeepers 
learn  to  distinguish  the  diseas(*s  when  they  apjx'ar  mid  to  know  how 
to  keep  them  uiuler  control. 

It  is  often  a  matter  of  surprise  to  beekeei)ers  to  learn  that  bees  are 
subject  to  disease.     The   rnopt    frequent   ^<>'"'-o   -^  "onfusion   is  the 
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placing  of  the  blame  for  loss  of  colonies  on  some  cause  other  than 
disease.  The  poorer  class  of  beekeepers  attribute  their  losses  simply 
to  "  bad  luck,-'  but  even  well-informed  beekeepers  err  in  this  matter. 


YiG.  1. — Work  of  the  larger  wax  moth  in  a  brood  comb.      (Original.) 

The  wax  moths  (see  fig.  1)  are  most  frequently  bh^med  for  the  death 
of  colonies,  whereas  they  do  no  damage  to  strong,  healthy  colonies, 
properly  cared  for,  but  enter  only  when  the  colony  is  w^eakened  by 
queenlessness,  lack  of  stores,  disease,  or  some  other  cause.     In  the 
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majority  of  the  reports  of  wax-moth  depredations  received  by  this 
(lopartinont  which  can  Ih»  invest ipited  it  is  found  that  the  trouble  is 
actually  an  outbreak  of  a  brcKxl  disi»ase. 

The  spraying  of  fruit  trees  while  in  bloom  is  possibly  injurious  to 
1h»os,  and  there  exists  among  Iwekeepers  a  strong  feeling  against  the 
practict\  Since  no  entomologist  now  recommends  that  fruit  trees  be 
sprayed  during  the  blooming  period,  this  is  probably  rarely  done  by 
progressive  fruit  growers.  However,  -it  is  frequently  reported  by 
l)eekeepei*s  Unit  they  are  losing  lx?es  by  poisoning  due  to  spraying. 
A  number  of  cases  of  the  death  of  colonies,  reported  as  caused  by 
poisoning  due  to  spraying  while  trees  were  in  bloom,  have  l)een  found 
to  be  in  reality  outbreaks  of  Euroi^ean  foul  brood,  which  is  particu- 
larly prevalent  in  the  spring  and  early  summer. 

Other  circumstances  to  which  is  often  attributed  tiie  death  of  brood 
or  of  the  colony  are  chilling,  fumes  from  coke  ovens,  and  malicious 
poisoning.  The  wise  attitude  on  the  part  of  the  beekeeper  is  first  to 
suspect  diseases  as  being  the  cause  of  any  losses  which  he  may  sus- 
tain, and  to  be  sure  that  there  is  no  infectious  disease  present  before 
looking  elsewhere  for  a  cause. 

NATURE   OF  THE  DISEASES. 

There  are  two  recognized  infectious  diseases  of  the  brood  of  bees, 
now  known  as  American  foul  brood  and  European  foul  brood.  Both 
diseases  weaken  colonies  b}'  reducing  the  number  of  emerging  bees 
needed  to  replace  the  old  adult  bees  which  die  from  natural  or  other 
causes.  In  neither  case  are  adult  bees  affected,  so  far  as  known.  The 
means  used  by  the  beekeeper  in  deciding  which  disease  is  present  is  the 
difference  in  the  appearance  of  the  larvae  dead  of  the  two  diseases. 
That  the  diseases  are  entirely  distinct  can  not  now  be  doubted,  since 
they  show  certain  differences  in  the  age  of  the  larvic  affected,  in  their 
response  to  treatment,  and  in  the  appearance  of  the  dead  larva*. 
This  is  made  still  more  certain  by  a  study  of  the  bacteria  present 
in  the  dead  larva\  Keports  are  sometimes  received  that  a  colony 
is  infected  with  both  diseases  at  the  same  time.  While  this  is  pos- 
sible, it  is  not  by  any  means  the  rule,  and  such  cases  are  usually 
not  authentically  reported.  There  is  no  evidence  that  chilled  or 
starved  brood  develops  into  an  infectious  disease  or  that  dead  brood 
favors  the  development  of  a  disease. 

NAMES  OF  THE  DISEASES. 

The  names  American  foul  brood  and  European  foul  brood  were 
applied  to  these  diseases  by  the  Bureau  of  Entomology,  of  this  de- 
partment, to  clear  up  the  confusion  in  names  which  formerly  existed. 
By  retaining  the  words  "  foul  brood  "  in  each  name  the  disease- 
inspection  laws  then  in  force  could  be  interpreted  as  applying  to 
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both  diseases.  These  names  were  in  no  way  intended  to  designate 
geographical  distribution,  since  both  diseases  did  exist  and  do  now 
exist  in  both  Europe  and  America,  but  were  chosen  primarily  because 
they  ATere  convenient  and  easily  remembered  names.  Their  only 
significance  is  in  indicating  where  the  diseases  were  first  seriously 
investigated.  It  was  particularly  desirable  to  change  the  name  of 
the  disease  now  known  as  European  foul  brood,  since  "  black  brood  " 
entirely  fails  to  be  descriptive  and  is  misleading. 

SYMPTOMS. 

The  presence  of  a  particular  disease  in  a  colony  of  bees  can  be 
ascertained  most  reliably  by  a  bacteriological  examination,  since  the 
symptoms  are  somewhat  variable.  It  is  possible,  however,  to  describe 
the  usual  manifestations  of  the  diseases,  and  the  usual  differences,  so 
that  the  beekeeper  can  in  most  cases  tell  which  disease  is  present. 

American   Foul  Brood. 

American  foul  brood  is  frequently  called  simply  "  foul  brood." 
It  usually  shows  itself  in  the  larva  just  about  the  time  that  the  larva 
fills  the  cell  and  after  it  has  ceased  feeding  and  has  begun  pupation. 


Fio.  2. — American  foul  brood  :  a,  h,  f,  normal  sealed  cells ; 
c,  i,  sunken  cappings,  showing  perforations ;  (j,  sunken 
capping  not  perforated  ;  h,  I,  m,  n,  q,  r,  larva?  affected  by 
disease  ;  e,  i,  p,  s,  scales  formed  from  dried-down  larvae  ; 
(I,  o,  pupae  affected  by  disease.  Three  times  natural  size. 
(Original.) 


At  this  time  it  is  sealed  over  in  the  comb  (fig.  2,  «,  6,  /).  The  first 
indication  of  the  infection  is  a  slight  brownish  discoloration  and 
the  loss  of  the  well-rounded  appearance  of  the  normal  larva  (fig. 
2,  I) .    At  this  stage  the  disease  is  not  usually  recognized  by  the  bee- 
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bottom   of  tlie  cell.     Frequently  the  sopnientation   of  the   larva   is 


clearly  marked.  By  tlu 
htvanie  quite  dark 
hrown  (coffee  col- 
ored) the  most 
typical  character- 
istic of  this  disease 
manifests  itself. 
If  a  match  stick 
or  tooth-pick  is  in- 
M'rted  into  the  de- 
caving:    mass    and 
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1  .1, 


i  I. 


Vui.  :{. — Th»»  roplncss  of  American  foul  brood.      (Orlglna 


Avithdrawn  the  larval  remains  adhere  to  it  and  are  drawn  out  in  a 
thread  (fig.  3),  which  sometimes  extends  for  several  inches  before 
breaking.  This  ropiness  is  the  chief  characteristic  used  by  the  bee- 
keeper in  diagnosing  this  disease.  The  larva  continues  to  dry  down 
•tiitl   L^raduall}'  loses  its  ropiness  until   it  finally  becomes  merely  a 


^%^ 

^^^* 
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Fig.  4. — American  foul-brood  comb,  showing  Irrepular  patches  of  sunken  cappinKs  and  scales. 
The  position  of  the  comb  indicates  the  best  way  to  view  the  scales.      (Original.) 

scale  on  the  lower  side  wall  and  base  of  the  cell  (fig.  2,  e,  /?,  «).  The 
scale  formed  by  the  dried-down  larva  adheres  tightly  to  the  cell  and 
can  be  removed  with  difficulty  from  the  cell  wall.  The  scales  can 
best  be  observed  when  the  comb  is  held  with  the  top  inclined  toward 
the  observer  .so  that  a  bright  light  strikes  the  lower  sfde  "wall  (fig.  4). 
83568°— Bull.  442—11 2 
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A  very  characteristic  and  usually  penetrating  odor  is  often  xiotice- 
able  in  the  decaying  larvae.  This  can  perhaps  best  be  likened  to  the 
odor  of  heated  glue. 

The  majority  of  the  larvae  which  die  of  this  disease  are  attacked 
after  being  sealed  in  the  cells.  The  cappings  are  often  entirely  re- 
moved by  the  bees,  but  when  they  are  left  they  usually  become 
sunken  (fig.  2,  g^  <?,  y)  and  frequently  perforated  (fig.  2,  <?,  ]).  As  the 
healthy  brood  emerges  the  comb  shows  the  scattered  sunken  cappings 
covering  dead  larvae  (fig.  4),  giving  it  a  characteristic  appearance. 

Pupae  also  may  die  of  this  disease,  in  which  case  they,  too,  dry  down 
(fig.  2,  c>,  (^),  become  ropy,  and  have  the  characteristic  odor  and  color. 
The  tongue  frequently  adheres  to  the  upper  side  wall  and  often 
remains  there  even  after  the  pupa  has  dried  down  to  a  scale.  Younger 
unsealed  larvae  are  sometimes  affected.  Usually  the  disease  attacks 
only  worker  brood,  but  occasional  cases  are  found  in  which  queen 
and  drone  brood  are  diseased.  It  is  not  certain  that  race  of  bees, 
season,  or  climate  have  any  effect  on  the  virulence  of  this  disease, 
except  that  in  warmer  climates,  where  the  breeding  season  is  pro- 
longed, the  rapidity  of  devastation  is  more  markedi 

European  Foul  Brood. 

European  foul  brood  was  formerly  called  "  black  brood  "  or  "  New 
York  bee  disease."  The  name  "  black  brood  "  was  a  poor  one,  for  the 
color  of  the  dead  brood  is  rarely  black  or  even  very  dark  brown. 
European  foul  brood  usually  attacks  the  larva  at  an  earlier  stage  of 
its  development  than  American  foul  brood  and  while  it  is  still  curled 
up  at  the  base  of  the  cell  (fig.  5,  r).  A  small  percentage  of  larvae 
dies  after  capping,  but  sometimes  quite  young  larvae  are  attacked  (fig. 
5,  6,  m).  Sunken  and  perforated  cappings  are  sometimes  observed 
just  as  in  American  foul  brood  (fig.  2,  c,  g^]).  The  earliest  indication 
of  the  disease  is  a  slight  yellow  or  gray  discoloration  and  uneasy 
movement  of  the  larva  in  the  cell.  The  larva  loses  its  well-rounded, 
opaque  appearance  and  becomes  slightly  translucent,  so  that  the 
tracheae  may  become  prominent  (fig.  5,  5),  giving  the  larvae  a  clearly 
segmented  appearance.  The  larva  is  usually  flattened  against  the 
base  of  the  cell,  but  may  turn  so  that  the  ends  of  the  larva  are  to  the 
rear  of  the  cell  (fig.  5,  p),  or  may  fall  away  from  the  base  (fig.  5, 
e,  g^  I) .  Later  the  color  changes  to  a  decided  yellow  or  gray  and  the 
translucency  is  lost  (fig.  5,  g,  h).  The  yellow  color  may  be  taken  as 
the  chief  characteristic  of  this  disease.  The  dead  larva  appears  as  a 
moist,  somewhat  collapsed  mass,  giving  the  appearance  of  being 
melted.  When  the  remains  have  become  almost  dry  (fig.  5,  c)  the 
tracheae  sometimes  become  conspicuous  again,  this  time  by  retaining 
their  shape,  while  the  rest  of  the  body  content  dries  around  them. 
Finally  all  tnat  is  left  of  the  larva  is  a  grayish-brown  scale  against 
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tlio  base  of  the  ti'll  i^li^.  .),  /,  A ),  or  a  >liapi'li'>.^  iiia>..s  on  llic  lowiT  side 
wall  if  the  larva  did  not  retain  its  normal  position  (tig.  5,  71,  o). 
\'ery  few  scales  are  black.  The  scales  are  not  adhesive,  but  are  easily 
removed,  and  the  bees  carry  ont  a  fri'e»t  many  j;i  their  efforts  to  clean 
house.  ^       .  .  *•     .-    * 

Decaying  larvw  which  have  died  of  th^s  disease  are. i^siltjl^. not 
ropv  as  in  American  foul  l)r(H>d.  but  a.  sl/jrhi.  ropinqss  is  soukctiiiies 
observed.  There  is  usually  little  odor  in  KuropeJ^ij  foul  bi.t.tMl  bnf 
sometimes  a  sour  odor  is  present,  which  reminds  one  c/f  yci 
mentation.  This  disease  attacks  drone  and  (juccn  larva'  ^  aluio.-^i  a^ 
rjiiiclvlv  :is  those  of  the  workers. 


Ii<..  r..  i:iiit.|»fan  foul  I.kmmI  .  .,,  J.  A.  11. .1111.11  >tiii,-.i  ri'lls; 
b,  c,  d,  e,  0.  i,  I,  tn,  p,  q,  larvae  affectod  by  disease  ;  r,  nar- 
mal  larva  at  ago  attacked  by  disease ;  f,  h,  n,  o,  dried-down 
larvae  or  scales.     Three  times  natural  size.      (Original.) 


European  foul  brood  is  more  destructive  during  the  spring  and 
early  summer  than  at  other  times,  often  entirely  disappearing  during 
late  summer  and  autumn,  or  during  a  heavy  honey  flow.  Italian  l>ees 
seem  to  be  better  able  to  resist  the  ravages  of  this  disease  than  any 
other  race.  The  disease  at  times  spreads  with  .startling  rapidity  and 
is  most  destructive.  "Where  it  is  prevalent  a  considerably  larger  per- 
centage of  colonies  is  affected  than  is  usual  for  American  foul  brood. 
This  disease  is  very  variable  in  its  symptoms  and  other  manifesta- 
tions and  is  often  a  puzzle  to  the  beekeeper. 

'  The  tendency  of  this  disease  to  attack  queen  larvjr  is  a  serious  drawback  in  treat- 
ment. Frequently  the  bees  of  a  diseased  colony  attempt  to  supersede  their  queen,  but 
the  larva?  in  the  queen  cells  often  die,  leaving  the  colony  hopelessly  queenless.  The 
colony  is  thus  depleted  very  rapidly. 
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The  So-Called  "  Pickle  Brood." 

In  addition  to  the  two  infectious  diseases  just  described,  brood 
dead  from  other  causes  is  often  observed.  The  most  common  disease 
of  this  kind  is  wkart.  is^,  known  among  beekeepers  as  "  pickle  brood." 
This  .namo  ,is  seemingly  applied  to  a  great  many  different  appear- 
ance^ and  nothing  is  kn<)Wi,«  of  the  cause  or  methods  of  spread.  The 
nio'st^,  typical  form  kills  the  larva  when  it  has  extended  itself  in 
the^c^ll  The  larva  usually  lies  on  its  back  with  the  head  turned 
upT<^aid.  The  color  varies,  but  is  frequently  light  yellow  or  brown, 
and  the  head  is  often  almost  black.  The  body  is  swollen  and  the 
contents  watery,  and  the  head  may  be  quite  hard.  There  is  no 
ropiness.  In  case  the  larvae  are  sealed  before  dying  the  cappings 
are  usually  normal.  The  name  usually  applied  to  this  condition  was 
unwisely  chosen,  and  for  the  present  and  until  more  is  known  con- 
cerning the  disease  it  is  spoken  of  as  the  "  so-called  pickle  brood." 

This  trouble  does  not  appear  to  be  infectious  and  is  usually  not 
serious,  except  that  in  the  aggregate  it  may  cause  loss  by  weakening 
colonies.  No  treatment  is  necessary,  as  the  trouble  usually  soon  dis- 
appears. The  most  serious  aspect  of  this  disease  is  that  it  is  often 
mistaken  for  one  of  the  infectious  diseases,  and  the  colony  is  need- 
lessly treated. 

Brood  dead  of  other  causes. 

Many  different  external  factors  may  cause  brood  to  die.  If  brood 
is  killed  by  chilling  in  the  spring  or  fall,  or  by  overheating  in  ex- 
tremely hot  weather,  or  in  shipping  colonies  of  bees,  or  by  starvation, 
the  loss  is  often  mistakenly  attributed  to  an  infectious  disease.  Such 
dead  brood  is  soon  removed  by  the  bees.  When  the  cause  is  removed 
the  trouble  then  soon  disappears.  AVhen  a  considerable  quantity  of 
brood  is  killed  a  disagreeable  odor  is  usually  present. 

''  Bald-headed  brood." 

It  sometimes  happens  that  unsealed  or  only  partially  sealed  pupae, 
known  as  "bald-headed  brood,"  are  observed  in  the  hive,  and  fre- 
quently beginners  mistake  such  a  condition  for  disease.  The  par- 
tially built  capping  is  often  mistaken  for  the  punctured  capping  of 
American  foul  brood.  If,  on  examination,  the  pupse  are  normal  no 
fear  need  be  entertained. 

METHODS  OF  SPREAD. 

Both  American  foul  brood  and  European  foul  brood  spread  from 
colony  to  colony  and  from  apiary  to  apiary  in  much  the  same  way. 
The  common  means  of  carrying  the  virus  is  in  honey  which  has  be- 
come contaminated.  The  disease  may  be  carried  when  bees  rob  a 
hive  in  which  a  colony  has  died  of  disease  or  may  be  transmitted  by 
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the  use  of  honey  from  diseased  colonies  for  f<K»(liii^  l)ees.  It  is  not 
always  necessary  that  l>ees  Ik»  intentionally  fed  for  them  to  get  dis- 
ease from  contaminated  honey.  Discarded  honey  receptacles  which 
have  contained  honey  from  a  contaminated  colony,  if  not  thoroughly 
cleaned,  may  contain  enong^h  honey  to  carry  disease  to  a  healthy 
;i])iary.  This  may  occur  in  the  vicinity  of  bakeries  or  confectionery 
shops,  or  may  even  occur  when  empty  honey  bottles  are  thrown  out 
from  private  houses.  It  is  also  possible  to  introduce  disease  into  a 
colony  in  introducing  queen  bees  purchased  from  a  distance,  probably 
due  to  the  use  of  contaminated  honey  in  making  the  candy  to  supply 
the  queen  cages. 

Precautionary   Measures. 

In  combating  diseases  it  is  much  better  to  prevent  disea.se  from 
getting  a  foothold  than  it  is  to  eradicate  it  after  it  has  begun  its 
work.  All  beekeepers,  wherever  located,  should  practice  the  fol- 
lowing precautionary  measures: 

(1)  If  a  colony  becomes  weak  from  any  cause,  or  if  disease  is 
suspected,  contract  the  entrance  to  prevent  robbing,  and  if  robbing 
is  imminent  close  the  entrance  entirely. 

(2)  Never  feed  honey  purchased  on  the  open  market.  In  case  of 
doubt  as  to  the  source  of  honey  feed  sugar  sirup. 

{'?>)  If  within  the  range  of  possibility,  see  that  no  honey  that  comes 
from  diseased  apiaries  is  sold  in  the  neighborhood.  This  may  some- 
times be  accomplished  by  cultivating  the  home  market  so  that  there 
will  be  no  incentive  for  bringing  in  other  honey. 

(4)  In  introducing  purchased  queens,  transfer  them  to  clean  cages 
provided  with  candy  known  to  be  free  from  contamination,  and 
destroy  the  old  cage,  candy,  and  accompanying  workers.  Of  course, 
if  it  is  certain  that  the  queen  comes  from  a  healthy  apiary  this  is  not 
necessary. 

(5)  Colonies  of  bees  shouKI  ..t  ^ii  be  purchased  niil<'-<  it  i-  cer- 
tain that  they  are  free  from  disease. 

(6)  The  purchase  of  old  combs  or  second-hand  supplies  is  dan- 
gerous, unle--  't  ic  certain  that  thoy  enino  from  lionlthy  npinrie^. 

TREATMENT   FOR  BOTH   INFECTIOUS   DISEASES. 

The  treatment  of  an  infectious  bee  disease  consists  primarily  in  the 
elimination  or  removal  of  the  cause  of  the  disea.se.  It  is  definitely 
known  that  American  foul  brood  is  caused  by  a  bacillus  named 
BaciUus  Iarv(P.  In  treating  this  disease,  therefore,  the  aim  of  the 
manipulation  is  to  remove  or  destroy  all  of  the  bacteria  of  this 
species.  It  should  be  remembered  that  the  effort  is  not  to  save  the 
larvae  that  are  already  dead  or  dying,  but  to  stop  the  further  de- 
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vastatioii  of  the  disease  by  removing  all  material  capable  of  trans- 
mitting the  cause  of  the  trouble. 

The  cause  of  European  foul  brood  is  not  definitely  known,  but  the 
same  principles  of  treatment  doubtless  apply  in  this  disease  also. 
In  all  of  the  operations  great  pains  should  be  taken  not  to  spread  the 
disease  through  carelessness.  After  handling  a  diseased  colony  the 
hands  of  the  operator  should  be  washed  with  water  to  remove  any 
hone}^  that  may  be  on  them.  It  does  not  pay  to  treat  colonies  that 
are  considerably  weakened  by  disease.  In  case  there  are  several 
such  colonies  they  should  be  united  to  form  strong,  vigorous  colonies 
before  or  during  treatment. 

In  discussing  treatment   it  is  assumed  that  hives  with  movable 

frames  are  in  use.     Box  hives  are  a  menace  in  regions  where  disease 

is  present.     These  ma}^  be  treated  for  disease  by  drumming  the  colony 

into  another  box  and  then  hiving  it  like  a  swarm  in  a  hive,  but  box 

hives  are  not  profitable  and  are  especially  to  be  condemned  Avhere 

disease   is   present  on   account  of  the  difficulty   in   inspecting  and 

treating. 

Shaking  Treatment. 

The  shaking  treatment  consists  essentially  in  the  removal  of  all 
infected  material  from  the  colony,  and  in  compelling  the  colony  to 
take  a  fresh  start  by  building  new  combs  and  gathering  fresh  stores. 
This  is  done  by  shaking  the  bees  from  the  old  combs  into  a  clean  hive 
on  clean  frames. 

Time  of  treatment. — The  shaking  treatment  should  be  given  during 
a  flow  of  honey,  so  that  other  bees  in  the  apiary  will  not  be  inclined 
to  rob.  If  this  is  not  possible  the  operation  may  be  performed  under 
a  tent  made  of  mosquito  netting.  The  best  time  is  during  the  middle 
of  a  clear  day  when  a  large  number  of  bees  are  in  the  field.  It  is 
sometimes  recommended  that  shaking  be  done  in  the  evening,  but 
this  is  impossible  if  many  colonies  are  to  be  treated.  The  colony 
can  be  handled  more  quickly  when  the  field  force  is  out  of  the  hive. 

Preparation. — Alt  implements  that  will  be  needed,  such  as  queen 
and  drone  trap,  hive  tool,  and  lighted  smoker,  should  be  in  readiness 
before  the  operation  is  begun.  A  complete  clean  hive  wnth  frames 
is  provided,  as  well  as  a  tightly  closed  hive  body  in  which  to  put  the 
contaminated  combs  after  shaking.  An  extra  hive  cover  or  some 
similar  apparatus  should  be  provided  to  serve  as  a  runway  for  the 
bees  as  they  enter  the  new  hive.  The  new  frames  should  contain 
strips  of  comb  foundation  from  one- fourth  to  1  inch  wide.  Full 
sheets  are  not  desirable,  and  if  combs  built  on  full  sheets  of  founda- 
tion are  desired  they  may  be  built  later. 

Operation. — The  old  hive  containing  the  diseased  colony  (fig.  6,  A) 
is  now  lifted  to  one  side  out  of  the  flight  of  returning  field  bees 
and  the  clean  hive  (B)  set  exactly  in  its  place.     The  cover  {G)  is 
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now  taken  oil'  and  a  Uw  iranios  (/: )  icniuvca  iinm  tlie  center  oi  liie 
hive.  If  unspaeed  frames  are  useil,  those  remaining  in  the  hive 
should  be  pushed  tightly  to  either  side  of  the  hive,  thus  making  a 
barrier  beyond  which  the  lx»es  can  not  crawl  as  they  move  to  the  top 
of  the  hive  after  shaking.  This  largely  prevents  them  from  getting 
on  the  outside  of  the  hive.  If  self-spacing  frames  are  used,  a  couple 
of  thin  boards  laid  on  the  top  bars  on  either  side  will  accomplish  the 
same  result.  The  runway  (D)  is  put  in  place  in  front  of  the  entrance. 
The  old  hive  is  now  opened  for  the  first  time.  The  frames  are 
removed  one  at  a  time,  lowered  part  way  into  the  new  hive,  and  with 
a  quick  downward  shake  the  bees  are  dislodged.  The  frames  are 
then  put  into  the  extra  hive  body  (C)  and  immediately  covered  to 
prevent  robbing.  After  all  the  frames  are  shaken  the  bees  remaining 
on  the  sides  of  the  old  hive  {A)  are  shaken  out. 


Fig.  6. — Apparatus  for  the  shaking  treatment :  A,  Hive  containing  diseased  colony  (for- 
merly In  position  ot  B)  ;  B,  clean  hive;  C,  empty  hive  to  receive  combs  after  shaking; 
D,  hive  cover  used  as  runway  ;  E,  frames  removed  from  B  to  give  room  for  shaking ; 
F,  queen  and  drone  trap;  O,  cover  for  clean  hive,  B.      (Original.) 

If  honey  is  coming  in  freely,  so  that  thin  honey  is  shaken  out  of 
the  combs,  cover  the  runway  (Z>)  with  newspapers  and  shake  the  bees 
in  front  of  the  new  hive  (B)^  leaving  all  frames  in  place  and  the 
cover  on.  After  the  operation  the  soiled  newspapers  should  be  de- 
.stroyed.  In  shaking  in  front  of  the  entrance  the  first  one  or  two 
frames  should  be  so  shaken  that  the  bees  are  thrown  again  t  the 
entrance,  where  they  can  locate  the  hive  quickly.  They  the;  fan 
their  wings  and  the  others  follow  them  into  the  hive.  If  this  is 
not  done  the  bees  may  wander  about  and  get  under  the  hive  or  in 
some  other  undesirable  place. 

After  the  bees  are  mostly  in  the  new  hive  a  queen  and  drone  trap 
(F)  or  a  strip  of  perforated  zinc  is  placed  over  the  entrance  to 
prevent  the  colony  from  deserting  the  hive.  The  queen  can  not 
pass  through  the  openings  in  the  perforated  zinc  and  the  workers 
will  not  leave  without  her.  By  the  time  that  new  combs  are  built 
and  new  brood  is  ready  to  be  fed,  any  contaminated  honey  carried 
by  the  bees  into  their  new  hive  will  hnvo  been  consumed  niul  the 

442 


16 


TREATMENT   OF   BEE   DISEASES. 


disease  will  rarel}^  reappear.     If  it  should,  a  repetition  of  the  treat- 
ment will  be  necessary. 

Saving  the  healthy  brood. — The  old  combs  are  now  quickly  removed. 
If  several  colonies  are  being  treated  at  one  time  it  may  pay  to  stack 
several  hive  bodies  containing  contaminated  combs  over  a  weak 
diseased  colony  to  allow  most  of  the  healthy  brood  to  emerge,  thereby 
strengthening  the  weak  colony.  After  10  or  12  days  this  colony  is 
treated  in  turn  and  all  the  combs  rendered  into  wax.  If  only  one 
or  two  colonies  in  a  large  apiary  are  being  treated  it  will  not  pay  to 
do  this. 

Saving  the  wax. — Any  but  a  very  small  apiary  should  have  in- 
cluded in  its  equipment  a  wax  press  for  removing  wax  from  old 
combs.     After  the  contaminated  frames  are  taken  to  the  honey  house 

the  combs  should  be  kept  carefully 
covered,  so  that  no  bees  can  reach 
them  until  the  wax  can  be  ren- 
dered. This  should  not  be  de- 
layed very  long  or  the  combs  may 
be  ruined  by  wax  moths.  The 
slumgum  or  refuse  remaining 
after  the  wax  is  removed  should 
be  burned.  Contaminated  combs 
should  not  be  put  into  a  solar  wax 
extractor  for  fear  of  spreading  the 
disease.  The  wax  from  contami- 
nated combs  may  safely  be  used 
for  the  manufacture  of  comb 
foundation. 

Cleaning  the  hive. — The  hive 
which  has  contained  the  diseased 
colony  should  be  thoroughly 
cleaned  of  all  wax  and  honey,  and  it  is  desirable  that  it  be  care- 
fully disinfected  by  burning  out  the  inside  with  a  gasoline  blue- 
flame  torch  (fig.  7).  If  this  piece  of  apparatus  is  not  available 
several  hive  bodies  may  be  piled  together  on  a  hive  bottom  and 
some  gasoline  or  kerosene  poured  on  the  sides  and  on  some  straw 
or  excelsior  at  the  bottom.  This  is  then  ignited  and  after  burn- 
ing for  a  few  seconds  a  close-fitting  hive  cover  is  placed  on  top 
of  the  pile  to  extinguish  the  flames.  The  inside  of  the  hive  bodies 
should  be  charred  to  a  light  browm.  The  careful  cleaning  and  dis- 
infection of  frames  always  costs  considerably  more  in  labor  than 
new  frames  would  cost,  but  these  also  may  be  carefully  cleaned  and 
used  again.  Frames  may  be  cleaned  by  boiling  in  water  for  about 
half  an  hour,  but  this  frequently  causes  them  to  warp  badly.  The 
disinfection  of  hives  and  frames  w^ith  chemicals  is  not  recommended, 
as  the  ordinary  strengths  used  are  valueless  for  the  purpose. 
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Disposal  of  the  honey. — If  there  is  a  considerabh'  qnaiitity  of  honey 
in  the  eontaniinatetl  eombs  it  may  be  extracted.  This  honey  is  not 
safe  to  fecnl  to  bees  without  boilin^r,  but  it  is  absohitely  safe  for  human 
consumption.  If  there  is  a  comparatively  small  quantity  it  may  be 
consmned  in  the  beekeeper's  family,  care  being  taken  thnf  unuv  of  it 
is  placed  so  that  the  lH»es  can  ever  get  it. 

To  put  such  honey  on  the  market  is  contraiy  to  law  in  some  States. 
There  is  always  danger  that  an  emptied  receptacle  will  Ix'  thrown 
out  where  bees  can  have  access  to  it,  thus  causing  a  new  outi)reMk  of 
disease.  It  can  be  safely  used  for  feeding  to  bees,  provided 
diluted  with  at  least  an  equal  volume  of  water  to  prevent  buining, 
and  boiled  in  a  closed  vessel  f(>r  not  less  than  one-half  hour,  count- 
ing from  the  time  that  the  diluted  honey  first  boils  vigorously.  The 
honey  will  not  be  sterilized  if  it  is  heated  in  a  vessel  set  inside  of 
another  containing  boiling  water.  Boiled  honey  can  not  be  sold  as 
honey.  It  is  good  only  as  a  food  for  bees,  and  even  then  should 
never  Ix?  used  for  winter  stores,  as  it  will  probably  cause  dysentery. 

The  second  shake. — Some  bei'keepers  [)refer  to  shake  the  bees  first 
onto  frames  containing  strips  of  foundation  as  above  described,  and 
in  four  da}s  to  shake  the  colony  a  second  time  onto  full  sheets  of 
foundation,  destroying  all  comb  built  after  the  first  treatment. 
This  insures  better  combs  than  the  use  of  strips  of  foundation,  but  is 
a  severe  drain  on  the  strength  of  the  colony.  Since  it  is  desirable  to 
have  combs  built  on  full  sheets,  the  best  polic}'  is  to  replace  any  ir- 
regular combs  with  full  sheets  of  foundation  or  good  combs  later  in 
the  season. 

The  cost  of  shaking. — If  the  treatment  just  described  is  given  at  the 
beginning  of  a  good  honey  flow,  it  is  practically  equivalent  to  arti- 
ficial swarming  and  results  in  an  actual  increase  in  the  surplus  honey, 
especially  in  the  case  of  comb-honey  production.  The  wax  rendered 
from  the  combs  will  sell  for  enough  to  pay  for  the  foundation  used 
if  full  sheets  of  foundation  are  employed.  Since  a  colony  so  treated 
actually  appears  to  work  with  greater  vigor  than  a  colon}'  not  so 
manipulated,  the  cost  of  treatment  is  small.  If  treatment  must  be 
given  at  some  other  time,  so  that  the  colony  must  be  fed.  the  cost  is 
materially  increased.  In  feeding,  it  is  best  to  use  sugar  sirup,  or 
honey  that  is  known  to  have  come  from  healthy  colonies. 

Treatment  with  Bee  Escape. 

As  a  substitute  for  the  shaking  treatment  just  described,  the  bees 
may  be  removed  from  their  old  combs  by  means  of  a  bee  escape.  The 
old  hive  is  moved  to  one  side  and  in  its  place  is  set  a  clean  hive  with 
clean  frames  and  foundation.  The  queen  is  at  once  transferred  to 
the  new  hive  and  the  field  bees  fly  there  on  their  return  from  the 
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field.  The  infected  hive  is  now  placed  on  top  of  or  close  beside  the 
clean  hive  and  a  bee  escape  placed  over  the  entrance,  so  that  the 
younger  bees  and  those  which  later  emerge  from  the  cells  may  leave 
the  contaminated  hive  but  can  not  return.  They  therefore  join  the 
colon}'  in  the  new  hive.  If  desired,  the  infected  hive  may  be  placed 
above  the  clean  hive  and  a  tin  tube  about  1  inch  in  diameter  placed 
from  the  old  entrance  so  that  the  lower  end  is  just  above  the  open 
entrance  of  the  new  hive.  The  bees  follow  down  this  tube  and  on 
their  return  enter  the  new  hive.  When  all  of  the  healthy  brood  has 
emerged  from  the  infected  combs  the  old  hive  is  removed.  This 
treatment  induces  less  excitement  in  the  apiary  and  is  preferred  by 
many  experienced  beekeepers.  Care  should  be  taken  that  the  old 
hive  is  absolutely  tight  to  prevent  robbing.  The  old  hive  and  its 
contents  of  honey  and  wax  are  treated  as  indicated  under  the  shak- 
ing treatment. 

Fall  Treatment. 

If  it  is  necessary  to  treat  a  colony  so  late  in  the  fall  that  it  would 
be  impossible  for  the  bees  to  prepare  for  winter,  the  treatment  may 
be  modified  by  shaking  the  bees  onto  combs  entirely  full  of  honey 
so  that  there  is  no  place  for  any  brood  to  be  reared.  This  will  usually 
be  satisfactory  only  after  brood  rearing  has  entirely  ceased.  Unless 
a  colony  is  quite  strong  it  does  not  pay  to  treat  in  the  fall,  but  it 
should  be  destroyed  or  united  to  another  colony.  In  case  a  diseased 
colony  dies  outdoors  in  the  winter  there  is  danger  that  other  bees 
may  have  opportunity  to  rob  the  hive  before  the  beekeepers  can  close 
the  entrance.  In  case  bees  are  wintered  in  the  cellar  it  is  more  ad- 
visable to  risk  wintering  before  treatment,  for  if  the  colony  does  die 
the  hive  will  not  be  robbed. 

Drug's. 

Many  European  writers  have  in  the  past  advocated  the  use  of 
various  drugs  for  feeding,  in  sugar  sirup,  to  diseased  colonies,  or  the 
fumigation  of  contaminated  combs.  In  the  case  of  American  foul 
brood,  of  which  the  cause  is  known,  it  has  been  found  that  the  drugs 
recommended  are  not  of  the  slightest  value  and  no  time  should  be 
wasted  in  their  use. 

TREATMENT  FOR  EUROPEAN  FOUL  BROOD. 

European  foul  brood  is  a  very  peculiar  disease  and  its  cause  has 
not  yet  been  satisfactorily  determined.  It  is,  therefore,  impossible  to 
discuss  the  treatment  of  this  disease  as  definitely  as  that  of  American 
foul  brood.  From  the  experience  of  many  careful  beekeepers  it  is, 
however,  possible  to  suggest  some  additional  manipulations  which 
may  be  tried  by  experienced  beekeepers.  The  treatments  given  pre- 
viously are  strongly  recommended  for  this  disease. 

442 


TREATMENT   OF    BEE   DISEASES.  19 

Introduction  of  Italian  Stock. 

Since,  as  stated  previously  (p.  11),  Italian  beos  seem  to  Iw  l)etter 
:ible  to  withstand  European  foul  brood  than  are  other  races,  it  is 
rwoniniended  that  apiaries  in  re<rions  where  this  dist»ase  is  prevalent 
he  rtH]ueened  with  young,  vigorous  Italian  queens  of  good  stock. 
This  should  be  done  whether  or  not  the  shaking  treatment  is  irivcii. 

Dequeeningr. 

It  has  been  found  that  tlu*  removal  of  the  quern  and  the  keeping 
of  the  colony  queenless  for  a  period  often  results  in  tiie  disappearance 
of  European  foul  brood.  The  length  of  time  that  this  should  be  done 
is  in  dispute.  Mr.  E.  W.  .\lexander.  who  advocated  this  method,* 
reconunended  that  the  colony  be  kept  queenless  (by  cutting  out  all 
(jueen  cells  at  the  end  of  0  days)  for  a  period  of  20  days,  at  which 
time  a  cell  containing  a  queen  of  Italian  stock  ready  to  emerge  is  to 
be  given  the  colony.  The  young  queen  will  thus  begin  to  lay  in  about 
J7  days  after  the  old  queen  has  been  removed,  or  in  at  least  3  days 
after  the  last  of  the  drone  brood  has  emerged.  Other  writers  have 
advocated  a  shorter  time. 

The  dequeening  treatment  is  not  always  successful,  and  it  is  there- 
fore recommended  that  care  be  exercised  in  trying  it.  Since  there  is 
:i  considerable  percentage  of  successful  results,  this  would  indicate 
that  there  is  an  important  principle  involved.  It  should  not  be  for- 
LTOtten.  however,  that  P^uropcan  foul  brood  often  disappears  in  the 
hite  summer  of  its  own  accord  if  the  case  is  not  severe  (p.  11),  and  it 
is  probable  that  in  many  of  the  cases  of  dequeening  reported  as  suc- 
cessful the  disease  would  have  disappeared  without  the  treatment. 
This  treatment  is  suggested  only  for  tlic  cxpcricnrcf]  In'okeej^pr. 

INSPECTION   OF   APIARIES. 

Several  States  have  passed  laws  providing  for  the  inspection  of 
apiaries  for  contagious  disease  and  creating  the  office  of  apiary 
inspector.  The  men  holding  these  offices  are  usually  practical  bee- 
keepers, capable  of  giving  excellent  advice  regarding  disease,  and 
it  is  desirable,  when  disease  e.xists  in  a  community,  that  the  owners 
of  apiaries  take  steps  to  learn  who  the  inspector  is  and  to  notify 
him  of  the  existence  of  disease.  The  Bureau  of  Entomology  of  this 
department  can  usually  give  information  concerning  the  inspector 
and  is  always  glad  to  be  of  service  in  bringing  the  beekeepers  and 
insi>ectors  in  touch  with  one  another. 

Apiarv  inspection  has  proved  beneficial  to  the  beekeeping  industry 
in   spreading   information   concerning   the   nature,   symptoms,   and 

1  Alexander,  E.  W. — How  to  rid  your  npiary  of  black  brood.     Cileanlngs  In  Bee  Culture, 
vol.  .•?.",  pp.  1125-112T    '^'^'- 
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treatment  of  the  contagious  diseases  and  particularly  in  compelling 
negligent  and  careless  beekeepers  to  treat  their  diseased  colonies.  It 
is  quite  possible  for  the  individual  beekeeper  to  clean  up  his  own 
apiary  by  following  the  directions  given  in  this  bulletin,  but  unless 
all  of  the  beekeepers  in  the  neighborhood  do  the  same  thing  there 
will  probably  be  a  recurrence  of  the  trouble  due  to  infection  from 
outside  apiaries.  It  is  therefore  manifestly  to  the  advantage  of  the 
beekeepers  that  they  cooperate  with  the  inspectors  in  the  fight  against 
diseases. 

EXAMINATION   OF   SAMPLES   OF  DISEASED   BROOD. 

The  Bureau  of  Entomology  of  this  department  is  prepared  to 
assist  in  the  diagnosis  of  disease  in  cases  where  the  beekeeper  is 
unable  to  tell  whether  or  not  disease  is  present,  or  to  determine  which 
disease  is  in  his  apiary.  Samples  of  brood  comb  about  5  inches 
square  containing  diseased  or  *dead  larvas  should  be  sent  by  mail 
in  a  strong  wooden  or  tin  box.  The  comb  should  not  be  wrapped  in 
paper  or  cotton,  but  should  be  cut  to  fit  the  box  closely.  It  is  not 
possible  to  diagnose  from  empty  combs,  and  no  honey  should  be 
included  in  the  sample,  as  it  is  valueless  in  diagnosis  and  will  prob- 
ably spoil  the  sample  as  well  as  other  mail  matter.  The  name  of  the 
sender  must  always  appear  on  the  package,  and  any  available  data 
should  be  sent  in  a  separate  letter.  Never  inclose  a  letter  in  the  box 
w^ith  the  sample. 

THE  DISEASES  OF  ADULT  BEES. 

The  diseases  affecting  adult  bees  are  but  imperfectly  known.  At 
present  four  are  known  to  beekeepers  by  name.  Whether  these  are 
entireh^  distinct  or  whether  under  each  name  one  or  more  diseases  are 
included  is  not  known.  As  stated  in  the  introduction,  these  diseases 
have  not  been  sufficiently  investigated  to  give  much  help  to  the 
practical  beekeeper. 

DYSENTERY. 

Dysentery  affects  bees  only  in  the  winter  and  is  manifested  by  a 
distension  of  the  abdomen,  due  to  an  accumulation  of  fecal  matter 
in  the  intestine.  When  a  day  warm  enough  for  flight  occurs  the 
bees  fly  from  the  hive  to  cleanse  themselves,  and  the  hive  and  sur- 
roundings are  spotted  with  yellow  excreta.  After  a  good  cleansing 
flight  the  trouble  usually  disappears,  but  if  the  bees  are  unable  to  fly 
thej^  often  die  in  great  numbers.  It  is  generally  believed  that  dysen- 
tery is  due  to  improper  winter  stores,  the  honey  containing  too  high 
a  percentage  of  indigestible  matter.  Honeydew  honey  almost  always 
produces  dysentery,  while  bees  wintered  on  high-class  honey  or  sugar 
sirup  are  not  affected.     From  the  wide  experience  of  many  bee- 
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ktH»j)«M>  lit  iiii.^  ill. I. HI  n  1-  -...V  vo  .1^,-,....*  ihat  this  explanation  of 
tlie  disease  is  the  correct  one,  and  consequently  great  care  should 
1)6  exercised  that  the  colonies  are  provided  with  good  stores  for 
winter. 

Recently  it  has  been  claimed  that  there  are  two  types  of  dysentery, 
one  form  as  above  described  and  another  form  which  is  infectious. 
American  beekeepers  are  not  familiar  with  an  infectious  dysentery, 
and  in  practical  manipulations  it  is  necessary  to  consider  only  the 
type  above  described. 

THE  SO-CALLED  PARALYSIS. 

it  is  quite  possible  that  under  the  name  "paralysis"  are  included 
several  distinct  diseases.  This  is  indicated  by  the  variety  of  symp- 
toms rep)orted  by  beekeepers  and  the  number  of  different  sc^asons  and 
ccmditions  under  which  the  disease  is  supposed  to  occur.  The  usual 
manifestation  described  is  that  the  worker  bees  are  seen  crawling  in 
front  of  the  hive  with  their  abdomens  tremblin«j:.  'Fhc  abdomens 
are  also  frequently  distended.  The  bees  often  climb  grass  blades 
and  on  attempting  to  fly  from  the  top  fall  again  to  the  ground. 
Frequently  the  bees  so  affected  are  almost  hairless.  The  same  trem- 
bling motion  nun^  often  Ix*  observed  on  opening  the  hive.  The  colony 
is  often  depleted  very  rnj^idly.  Tlicre  is  no  evidence  llmt  ilic  (11>(':ise 
is  infectious. 

The  cause  of  this  peculiar  trouble  is  unknown,  and  no  reuiedy  c^m 
l>e  recommended.  It  is  claimed  by  some  writers  that  a  salt-water 
spray  applied  to  the  combs  or  salt  or  sulphur  sprinkled  on  the  top 
bars  or  entrance  is  sometimes  an  effective  remedy. 

ISLE  OF  WIGHT  DISEASE. 

Recently  a  supposedly  infectious  disease  of  adult  \n'v>  li:i>  drei- 
mated  the  bees  on  the  Isle  of  Wight  and  is  said  to  be  spreading  in 
England.  It  resembles  somewhat  the  so-called  paralysis.  No  treat- 
ment other  than  destruction  to  prevent  the  spread  of  the  disease  has 
l)een  recommended.  So  far  as  is  known  no  trouble  of  this  kind  has 
been  experienced  in  America. 

SPRIN^G   DWINDLING. 

It  sometimes  happens  that  the  adult  bees  in  a  colony  die  off  in  the 
spring  more  rapidly  than  they  are  replaced  by  emerging  brood. 
This  dwindling  may  be  diminished  somewhat  by  keeping  the  colony 
warm  and  by  stimulative  feeding,  so  that  all  of  the  energy^  of  the 
old  bees  may  be  used  to  the  best  advantage.  This  condition  is  prob- 
ably due  to  the  fact  that  the  colony  goes  into  winter  with  too  large 
a  percentage  of  old  worn-out  bees.  To  prevent  this,  brood  rearing 
should  be  continued  as  late  as  possible  in  the  fall:  if  necessary,  by 
stimulative  feeding. 
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PUBLICATIONS  OF  THE  DEPARTMENT  OF  AGRICULTURE  ON  BEE 

DISEASES. 

There  are  several  other  publications  of  the  Bureau  of  Entomology 
of  this  department  which  deal  with  bee  diseases.  They  may  be 
obtained  on  request  to  the  Editor  and  Chief  of  the  Division  of  Pub- 
lications, Department  of  Agriculture,  and  are  the  following : 

Circular  No.  94,  '*  Tlie  Cause  of  American  Foul  Brood."    By  G.  F.  White,  Ph.  D. 
1907.     4  pp. 

This  publication  contains  a  brief  account  of  the  investigations  which  demonstrated 
for  the  first  time  the  cause  of  one  of  the  brood  diseases  of  bees,  American  foul  brood. 

Bulletin  No.  70,  "  Report  of  the  Meeting  of  Inspectors  of  Apiaries,  San  Antonio, 
Tex.,  November  12,  1906."     1907.    79  pp.,  1  pi. 

Contains  an  account  of  the  history  of  bee-disease  investigations,  the  relationship  of 
bacteria  to  bee  diseases,  and  a  discussion  of  treatment  by  various  inspectors  of  apiaries 
and  other  practical  beekeepers  who  are  familiar  with  diseases  of  bees. 

Bulletin  No.  75,  Part  II,  "  Wax  Moths  and  American  Foul  Brood."     By  E.  F. 
Phillips,  Ph.  D.     1907.     Pp.  19-22,  3  pis. 

An  account  of  the  behavior  of  the  two  species  of  wax  moths  on  combs  containing 
American  foul  brood,  showing  that  moths  do  not  clean  up  the  disease-carrying  scales. 

Bulletin  No.  75,  Part  III,  "'  Bee  Diseases  in  Massachusetts."     By  Burton  N. 
Gates.     1908.     Pp.  23-32,  map. 

An  account  of  the  distribution  of  the  brood  diseases  of  bees  in  the  State,  with  brief 
directions  for  controlling  them. 

Bulletin  No.  75,  Part  IV,  "The  Relation  of  the  Etiology  (Cause)  of  Bee  Dis- 
eases to  the  Treatment."     By  G.  F.  White,  Ph.  D.     1908.     Pp.  33-42. 

The  necessity  for  a  knowledge  of  the  causes  of  bee  diseases  before  rational  treatment 
is  possible  is  pointed  out.  The  present  state  of  knowledge  of  the  causes  of  disease  is 
summarized. 

Technical  Series,  No.  14,  "  The  Bacteria  of  the  Apiary,  with  Special  Reference 
to  Bee  Diseases."     By  G.  F.  White,  Ph.  D.     1906.     50  pp. 

A  study  of  the  bacteria  present  in  both  the  healthy  and  the  diseased  colony,  with 
special  reference  to  the  diseases  of  bees. 
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BARI,nY:  GROWING  THl:  CROP, 


INTRODUCTION. 

Whilo  imioli  of  the  early  history  of  barley  is  uncertain  ii  is  generally 
admitted  that  it  was  one  of  the  first  cereals  to  Ih»  cultivated.  Its  cul- 
tivation in  the  United  States  dates  hack  to  the  time  of  the  earliest 
colonists,  hut  the  intnxluction  of  improved  varieties''  did  .not  l)e<rin 
until  the  middle  of  tlu'  nineteenth  century.  The  pnxluction  of  barley 
lias  rapidly  increased  in  late  years,  until  at  present  it  ranks  fourth  in 
value  amon<r  cereals. 

Fully  half  the  crop  is  used  for  brewing  and  malting;  but  careful 
feeding  trials  conducted  by  the  various  agricultural  exiK'riment  sta- 
tions and  by  many  farmers  have  demonstrated  its  worth  for  feeding, 
especially  to  cattle,  hogs,  and  sheep.  This  knowledge  of  its  feeding 
value  has  tended  to  considerably  increase  the  pnxluction,  especially 
in  areas  where  the  production  of  corn  is  rather  uncertain. 

The  annual  yield  ])er  acre  in  the  United  States  for  the  past  ten 
years,  as  given  by  the  Bureau  of  Statistics,  is  only  25.7  bushels, 
while  that  of  Germany  and  Great  Britain  is  more  than  8  bushels 
greater.  AVhen  we  consider  that  in  the  States  of  California,  Te.xas, 
Kansas,  Nebraska,  and  North  Dakota,  the  average  yield  of  barley  for 
the  past  ten  years  has  been  less  than  25  bushels  per  acre,  and  u\  24 
of  the  States  the  yield  has  iK'en  considerably  less  than  oO  bushels, 
there  is  no  doubt  that  with  pro])er  efforts  along  the  lines  of  seed 
selection  and  preparation  of  the  soil,  the  average  yield  can  be  consid- 
erai)ly  increased  and  made  to  compare  more  favorably  with  that  of 
CierMiMiiv  :md  Cirent  Britain. 

ORIGIN  AND  EARLY  HISTORY  OF  BARLEY. 

Barley  is  supposed  to  be  a  natiye  of  western  Asia,  where  wild  forms 
still  exist.  Some  botanists  claim  that  the  original  typ"  froTi  which 
all  of  our  cultivated  varieties  have  been  produced  is  Tlordcmn  Hponta- 
ncnm^  a  wild,  two-rowed  form  found  on  the  barren  hillsides  of  Pales- 
tine. Others  believe  that  there  was  a  wild  six-rowed  form,  as  all  of 
the  ancient  inscriptions  are  of  the  six-rowed  and  not  of  the  two- 
rowed  type. 

« Other  iiiiblicntiims  relating;  to  Imrloy.  whkli  nuiy  bo  ohtnlno<l  free  \\\\(w\ 
request  to  the  Secretary  of  Agriculture,  \yashinj?ton,  I).  C,  are  "  Harley  Culture 
in  the  Southern  States."  Fanners*  Hullctin  427,  V .  S.  Dept.  of  A>;rhulture.  1!»10; 
"Barley  Culture  in  the  Northern  (irejit  Plains."  Circular  No.  .'»,  Bureau  of  riant 
Industry.  lOOS:  "The  Separation  of  Sei^l  Barley  by  the  Specific  Gravity 
Method.'*  Circular  r,2.  Bureau  of  Plant  Industry,  loio. 

^The  word  "variety"  is  used  in  this  bulletin   in  the  ordinary  commercial 
sense  and  does  not  usually  refer  to  a  i)ure  race  or  iKJdigreed  strain. 
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Barley  was  cultivated  by  the  people  of  western  Asia  nearly  2,000 
years  before  the  Christian  era.  Pliny  makes  the  statement  that  bar- 
ley was  among  the  first  cereals  cultivated  for  food.  This  grain  is 
mentioned  by  early  writers  in  Egypt,  and  the  high  esteem  in  which 
it  was  held  is  shown  by  the  fact  that  Egyptian  coins  estimated  to  be 
several  thousand  years  old  bear  figures  of  barley  heads.     Specimens 

of   this   grain   taken   from 
Egyptian  tombs,  estimated 


old. 


to  be  over  3,000  years  w^v^, 
are  in  the  British  Museum ; 
representations  of  barley 
heads  are  also  found  on 
these  tombs. 

As  a  crop,  barley  is  men- 
tioned in  Exodus  (ix,  31) 
and  in  other  books  of  the 
Bible,  and  from  all  indica- 
tions the  greater  portion 
of  the  grain  in  Biblical 
times  Avas  barley.  It  was 
evidently  among  the  chief 
food-producing  plants  of 
the  Jewish  race  and  of  the 
surrounding  nations.  From 
western  Asia  barley  was 
early  introduced  into  south- 
ern Europe  and  gradually 
spread  northward.  Its  cul- 
tivation in  early  times  is 
shown  by  the  finding  of 
charred  grains  in  the  homes 
of  the  prehistoric  people 
of  Europe.  Ancient  histo- 
rians, including  Pliny  and 
Theophrastus,  refer  to  the 
value  of  this  grain  for  both 
food  and  drink.  The  armies 
of  Europe  in  early  times 
largely  subsisted  on  barley. 
After  the  introduction  of 
wheat  and  rye  these  grains 
gradually  replaced  barley 
for  human  food,  especially 
in  Europe,  but  it  is  still  so  used  in  portions  of  western  Asia. 


Fig.  1. — The  two  types  of  awnless  barley 
Hooded  ;  B,  the  new  hybrid  awnless  variety 
lington  Awnless. 


A, 
Ar- 


BOTANICAL  CHARACTERS. 

General  description. — Barley  belongs  to  the  Graminese  or  grass 
family  and  to  the  genus  Hordeum.  The  different  groups  of  culti- 
vated barley  have  usually  been  considered  as  distinct  species,  but  they 
are  now  regarded  by  some  botanists  as  varieties  of  a  single  species, 
Hordeum  sativum. 

The  plant  is  somewhat  similar  to  wheat  and  rye,  although  generally 
not  so  tall.     It  tillers  quite  freely,  some  varieties  producing  as  high 
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ns  15  culms,  dopeiuliii*;  on  (he  lliitkne.s.s  of  plant iii«j  and  the  fertility 
of  the  soil.  1  he  leaves,  which  are  df  :i  irrtn '•  '•  -ffMi  color,  wro 
broader  than  those  of  other  fjrains. 

The  head  of  barlev,  as  of  wheat  or  rye.  is  a  .spike  in  which  the 
spikelets  or  flower  dusters 
are  arran^r^'d  a  Ion*;  a  cen- 
tral stem  or  rachis.  This 
rachis  is  made  uj)  of  short 
joints,  curved  alternately  in 
opposite  directions,  givin*; 
it  a  7A^/A\^  ai)pearance. 
The  spikelets  are  arran<;eil 
in  ofroups  of  three  at  the 
upper  end  of  each  joint, 
each  «Toup  lying  in  the 
inner  side  of  the  curve  of 
the  joint  above.  In  the 
six-rowed  barley  all  the 
spikelets  are  fertile.  In 
the  two-rowed  barley,  how- 
ever, only  the  central  spike- 
let  produces  grain,  the  two 
lateral  spikelets  being  in- 
fertile, thus  giving  the  liead 
the  two-rowed  appearance. 

Each  fertile  spikelet  con- 
tains a  kernel,  which  is  in- 
closed in  the  flowering 
glume  and  palea,  which  to- 
gether form  the  hull.  In 
the  hull-less  varieties  these 
are  easilj^  removed  in 
thrashing,  as  in  wheats  while 
in  the  common  varieties 
they  remain  firmly  attached 
to  the  kernel.  In  the 
bearded  varieticvS  the  me- 
dian nerve  of  the  flowering 
glume,  which  forms  the 
p-eater  j^ortion  of  the  hull. 
IS  prolonged  into  a  beard  or 
awn  ^  to  r»  inches  in  length. 
A  new  form  of  awnless 
barley  (fig.  1,  B)  has  re- 
cently been  produced  by  the 
Office  of  Grain  Investiga- 
tions. In  the  hooded,  or 
so-called  l)eardless  barleys 
(fig.  1,  .1),  the  Ix^ard  is 
replaced  by  a  three-pronged  appendage,  the 
is  bent  over,  gi^^ng  it  a  hoodlike  apj^earancc 

Surrounding  the  base  of  the  spikelet,  but  not  iiuaciKMi  lo  n,  nre 
small,  slender  appendages  known  as  the  outer  glumes.  In  some  varie- 
ties the  central  portion  of  these  extends  into  a  soft,  bristle-like  awn, 
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Vui.  2.  — The  two  tyiM'8  of  six  rowrd  |)arlr,v  ynnvn  in 
the  Iniiod  State's:  .4,  Round  slx-row«'d  (l/ordeutn 
hrTUHtirhon)  ;  U,  S<|uare  Hlx-rowed  {llontcutn 
ruinate). 
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Avhile  in  others  it  is  blunt  or  slightly  pointed.  Both  the  common  and 
the  hull-less  varieties  of  the  six-rowed  bearded  and  of  the  six-rowed 
hooded  t^^pes  are  grown.  Of  the  tAvo-rowed  bearded  type  there  are 
both  common  and  hull-less  forms;  of  the  two-rowed  hooded  only  the 

common  form  is 
grown  in  this  countr}'. 
Description  of  the 
various  types.  —  The 
arrangement  of  the 
spikelets  in  the  head 
is  the  distinguishing 
character  between 
the  round  six-rowed 
barley,  11  o  r  deu  iiy 
hexastichon  (fig.  2, 
J.),  and  the  square 
six-rowed  (common- 
ly called  four-rowed) 
barley  Ilordeum  vul- 
cjare  (fig.  2,  ^).  In 
the  round  barley,  of 
which  Utah  Winter 
is  the  best  example, 
the  spikelets  appear 
as  if  radiately  ar- 
ranged upon  the 
rachis,  giving  the 
head  a  round  form, 
while  in  the  square 
barley  (fig.  3),  or 
Manchurian  type,  the 
heads  assume  a  square 
appearance  due  to  a 
twisting  to  either  side 
of  the  lateral  spike- 
lets. Owing  to  this 
twisting  there  is  an 
overlapping  of  the 
lateral  grains  with 
the  resulting  square, 
compact  form  of  head. 
The  bearded  hull-less 
and  the  hooded  varie- 
ties are  included  in 
the  Tlordeiifn  vulgare 
group. 
Two  types  of  two-rowed  barley  are  cidtivated  in  the  United  States. 
One  has  a  long,  slender  head  Avhich  biMids  over  or  nods  when  ripe 
(fig.  4,  B ;  fig.  5).  The  Chevalier  barley  is  a  good  example  of  this 
type.  Fully  1)0  per  cent  of  the  two-rowed  barleys  grown  in  the 
United  States  are  of  this  slender  form,  which  is  typical  of  the  Ilor- 
deitm  distichon  group.     The  other  type  has  short,  broad,  erect  heads, 
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Fig.  o. — The  Manchurian  or  s(iuare  type  of  six-rowed  barley. 
The  heads  with  the  beards  removed  show  the  arrange- 
ment of  the  spikelets.  Ninety-live  per  cent  of  the  six- 
rowed  barleys  jrrown  in  the  United  States  are  of  this 
type.  Amorij;  the  most  prominent  varieties  are  Manclui- 
rla,  Oderbrucker,  Odessa,  and  Common  California. 


barley:  gkowinc.  thk  (  i{«»i». 


the  awns  sometimes  spreading  (fig.  4,  .1).     The  Primus  variety  is  a 
urood  example  of  the  latter  type. 


Fig.  4. — The  two  typos  of  two-row«»d  barley  ^rown  In  the  I'nJtiMi  Staten  :  A,  The  Abort 
form  with  spreading;  awns;  U,  the  Ions,  8lend<>r  form  which  Is  most  typical  of  Hor- 
deum  diHtichnn. 

Identification  of  the  different  groups  by  means  of  the  grain. — WhiU*  it 
is  ahnost  impossible  to  identify  the  varieties  of  barley  by  an  exami- 
nation of  the  grain  alone,  the  various  groups  can  be  readily  recog- 
nized. 
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In  the  bearded  barleys  the  six-rowed  type  can  be  identified  by  the 
presence  of  two  smaller  twisted  grains  for  each  large  straight  one, 
Avhile  in  the  two-rowed  type  there  are  no  twisted  grains.  A  mixture 
of  the  two-rowed  and  six-rowed  types  can  be  detected  by  noting  the 
proportion  of  straight  and  twisted  grains.  Figure  G  shows  grains 
of  the  two  groups. 

In  the  hull-less  barleys  the  form  and  color  of  the  kernels  aid  in 

distinguishing  them. 
In  the  hooded  barley, 
called  White  Hull-less 
(fig.  7,  ^l),the  grains 
when  grown  under 
ideal  conditions  are 
large,  plump,  and  of 
a  clear  amber  color. 
In  the  Himalaya 
(Guy  Mayle)  barley 
(fig.  7,  5),  the  grain 
is  medium  to  large 
and  its  color  is  bluish 
green.  Black  Hull- 
less  (fig.  7,  C),  Avhich 
is  a  bearded  variety, 
can  be  recognized  by 
the  deep-purple  color 
of  the  grain.  The 
two  -  rowed  bearded 
hull-less  barley  (fig. 
T,  D)  can  be  distin- 
guished from  the  six- 
rowed  by  the  larger, 
broader,  rather  flat 
grain,  usually  of  a 
dark  amber  color  with 
a  brown  tip. 

INTRODUCTION  OF 
BARLEY  INTO  THE 
UNITED  STATES. 

Early      introduc- 
tions.— Barley  was  in- 
troduced   and    culti- 
vated by  the  colonists 
^,  ,_„,,.      ^  ^,    ,         ,     .     .        ^  of  Massachusetts  and 

Pig.  o. — Heads  and  grains  of  the  long,  slender  type  of  two-  xj-       .     .  i       •       ii 

rowed  barley.      (One  head  with  beards  removed.)      Fully  Virginia   early   in   the 

90  per  cent  of  the  two-rowed  barleys  grown  in  the  United  cpvpnippnth      ppntnrv 

States  are  of  this  type.     Among  the  most  prominent  vari-  ^t;^ciueeiiLii      teiiLiiiy. 

eties  are  Chevalier,  Hannchen,  and  Hanna.  In   the   latter   part   of 

the  same  centurv  con- 
siderable barley  was  grown  in  Rhode  Island  and  by  the  Dutch  in 
New  York.  With  the  movement  of  colonization  westward  along 
the  Great  Lakes  and  down  the  Ohio  River,  the  crop  Avas  car- 
ried into  new  areas  and  soon  became  extensively  cultivated.  Its 
spread  has  continued  to  the  present  time  and  it  is  now  generally 
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Lirown   in  the  upper  Mississippi   Valley  and   tlio   Rocky   Mountain 
States. 

Pi'evious  to  the  orfjanization  of  the  ofliee  of  Connnissioner  of  Apri- 
fultuiv,  a  nunilH»r  of  new  varieties  of  barley  were  introduced  and  dis- 
tributed by  the  Coinniissioner  of  Patents,  thelirst  of  these  distribu- 
lions  iHMnij:  reiorded  about  184.").  The  popuhr</ty  of  the  crop  was 
larp'ly  increastMl  by  the  success  of  tWse  introihicti/nis,-. which  in- 
tlu<led  h(K)de<l  (iH'artlless)  and  Indl-lesh  \r»'ieiies  whi'/l)^  kayo,'JB:,iven 
excellent  re>ults  in  tlie  hiiriier  portions  of  tiic  nVc^i. 


Fio.  6. — Grains  of  six-rowed  and  two-rowed  Imiieys,   showing  diffcrcnivs  by   wi.i,  h    tii.-v 
can  be  Idontlfied:  A,  Six  row«'d— Nos.   1    and  li.  vontral   surface;   '_'  and  4. 
face  of  kernels.     Note  the  twisted  appearance  of  the  outsite   ( lateral  t    ken: 
pared  with  the  straljxht  median  one.     A  sample  of  six-rowed  barley  should   .... 
as  manv  twisted    nateraU    kernels  as  straiu'ht  ones.      B.  Two-rowed — both   dornul  aud 
ventral  surfaces  shown.     There  should  be  no  twisted  grains  in  a  sample  of  two-rowed 
barley. 

Recent  introductions. — The  Department  of  Agriculture,  through  the 
offices  of  Setnl  and  Plant  Introduction  and  of  (Jrain  Invest ig:iit ions, 
has  in  recent  yeiirs  introduced  and  distributed  a  large  number  of 
varieties  of  barley.  Several  pedigreed  two-rowed  varieties,  includ- 
ing Chevalier.  Primus.  Princess.  Ilannchen,  and  Swan  Xeck  from 
Sweden,  have  given  excellent  results.  The  excellent  yields  from 
these  pedigreed  barleys  in  the  past  few  years  demonstrate  their  su- 
periority over  the  common  ones.  Among  the  most  promising  of  t\w 
.six-rowed  barleys  intnxluced  by  the  Department  are  the  Odes.sa  and 
the  Gatami,  which  are  giving  good  results  in  the  Xorthwest.  leading 
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in  yield  at  several  experimental  farms.  '  The  hooded  and  hull-less 
barleys  which  were  introduced  from  the  Himalaya  Mountains  in 
Asia,  where  they  are  grown  at  elevations  as  great  as  11,000  feet,  and 
from  other  sections  have  matured  grain  in  tlie  United  States  at  8,000 
feet  in  Idaho  and  at.  1>,^00  feet  in  Colorado. 

BARL:^//-PS0I>DCING  ^REAS  OF  THE  UNITED  STATES. 

IoGiatio.Ti  dfthe  areas^;T;^Barley  can  be  groAvn  in  nearly  every  State, 
^3libtii&  greati?r  paM-o^the  crop  is  produced  in  certain  definite  areas. 
''J]he*  large.s't  aVea  'i^tig.  8)  includes  eastern  North  Dakota  and  South 
Dakota'/:T\'-e'stern  and  southern  Minnesota,  southern  Wisconsin,  and 
/rfoijfriefn'lowa.     The  area  next  in  extent  is  in  California.     This  crop 


Fi<;.  7. — Grains  of  four  varieties  of  liull-less  barley  :  A,  White  Hull-less,  six-rowed  ;  color  of 
grain,  pale  amber.  B,  Himalaya  (Guy  Maylo),  six-rowed;  color,  bluish  green.  C,  Black 
Hull-less,  six-rowed  ;  color,  purple.     D,  Two-rowed  Hull-less  ;  color,  dark  amber. 

is  also  grown  in  eastern  Oregon,  eastern  Washington,  and  western 
Idaho.  A  small  isolated  area  is  found  in  western  New  York,  and 
another  in  southeastern  Michigan,  northwestern  Ohio,  and  north- 
eastern Indiana.  Barley  is  also  produced  in  eastern  Nebraska,  Avest- 
ern  Kansas,  northeastern  Colorado,  southeastern  Wyoming,  and  cen- 
tral Montana.  The  crop  is  grown  in  other  States,  but  the  areas 
mentioned  include  practically  all  of  those  sections  in  which  its  culti- 
vation is  important. 

Types  of  barley  adapted  to  these  areas. — Different  types  of  barley  are 
adapted  to  the  various  areas,  or  even  to  definite  portions  of  a  single 
area.  Thus,  in  the  largest  barley-growing  district,  the  six-rowed 
barleys,  Manchuria,  Oderbrucker,  and  Odessa,  as  shown  in  a  previous 
publication,"  do  best  in  Minnesota,  Wisconsin,  Illinois,  Iowa,  and 


«Carleton,  M.  A.     Barley  Culture  in  tlie  Northern  Great  Pl.-'inH. 
Bureau  of  Plant  Industry.  U.  S.  Dept.  of  Agriculture,  1908. 
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\t»l)niskn.  whilo  in  Noiih  Dakota  ami  South  Dakota  \hv  two-rowt^l 
arii'tios.  such  as  llaiinchcu.  Swan  Ncck»  Clicvalicr.  anil  llannu,  |;ivc 
licttor  rt»sults.     Six-rowed  barley  is  principally  <rro\vn  in  western  New 
Vork  and  in  Michi*r»n,  Ohio,  and   Indiana.     In  Kansas,  Oklahoma, 
Texas,  and  the  Southern  States  «rt»nerally  the  most  prolitahh'  variety 
lo  <rrow  is  the  six-rowed  Tennessee  Winter.     In  the  hi<rl»  ahitudes  of 
the  Rocky  Mountain  States  hoo<led  harh'v  is  the  most  prolitahh'  type. 
In  Utah  and  Idaho  the  six-rowed  type,  l)oth  sprin<r  aiid  winter,  gives 
the  best  results,  Ttah  AN'inter  bein*;  the  most  protitable  variety.     In 
the  Pacific  States  the  six-rowed  varieties.  Bay  Brewin<r  and  Cali- 
fornia Feed,  are  the  most  common.  altlu)U«j:h  some  excellent  barley 
I  tlie  two-rowed  varieties,  Chevalier  aiid  Ilanna,  is  also  produced.  * 
The  hooded  and  hnll-less  barleys   (fiir.  D)   have  proved  successful 
in  the  semiarid  n^<ri<ms  of  the  West,  where  they  are  suj)erior  to  anv 


i<5.  8. — Map  showiiiK  the  barley  imKlucin^  ureas  in  the   United   Siateu,  according  to   the 
cenKus  of  1900.     Kach  dot  indicates  2,(M>0  acrcH  of  barley. 

other  tyjH?,  especially  in  the  high  altitudes  where  little  other  grain 
matures.  They  also  grow  well  under  irrigation.  Up  to  the  prestMit 
time  they  have  not  proved  adapted  to  the  humid  sections  of  the  East, 
IS  the  excessive  heat  prevents  the  filliiif^  of  the  grain,  and  the  moisture 
induces  a  weak  straw  that  lodges  readily. 

SOILS  ADAPTED  TO  THE  CROP. 

Barley  requires  a  richer  and  more  porous  soil  than  wheat.  It  does 
best  on  well-drained  loam  soils,  though  the  volcanic  soils  of  the 
Northwest  also  give  gooil  results.  This  crop  can  be  produced  on 
sandy  loam,  but  on  this  type  of  soil  it  is  more  su.sceptible  to  unfavor- 
able climatic  conditions  than  on  silt  or  clay  loam.  In  anv  case  the 
soil  should  contain  considerable  humus  and  be  in  good  physical 
condition. 
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Heavy,  undrained  clays  are  not  adapted  to  the  growing  of  barley. 
The  roots  of  this  plant  are  comparatively  weak  and  do  not  penetrate 
such  soils  as  readily  as  those  of  wheat.  Soils  of  this  type  are  espe- 
cially undesirable  for  winter  barley,  for  while  a  stand  may  usually 
be  obtained,  the  crop  is  likely  to  be  injured  by  the  alternate  freezing 


Fic.  y. — The  three  types  of  hull-less  barley  now  iu  eultivalion  :  ,1.  Six  rowed  beMrded  hull- 
less  (Black  Hull-less)  ;  B,  two-rowed  bearded  hull-less  (Two-rowed  Ilull-less)  ;  C,  six- 
rowed  hooded  hull-less  (White  Ilull-less). 

and  thawing  of  winter  and  early  spring.  Owing  to  the  fineness  of 
the  soil  particles,  heavy  clays  are  much  more  subject  to  washing  than 
are  the  more  porous  loams.  This  washing  exposes  the  roots  of  the 
young  plants  and  is  another  cause  of  the  failure  of  winter  barley  on 
this  type  of  soil. 
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Wi'll-drained,  woII-fiTtilizctl.  ^nivi'llv  clay  soils  have  in  some  in- 

laiUTS  given  good  results  in  barley  production.     I>oos(»,  sandy  soils, 

liile  easily  prepared,  are  often  deficient  in  plant   food,  while  their 

I  liability  to  retain  moisture  makes  them  of  doubtful   value  for  the 

production   of   this   crop.     Though   the   moisture-retaining   capacity 

may  Ih'  largciv  increased  by  the  atldition  of  stable  or  green  manures, 

the  results  wdl   not   be  as  satisfactory  as  thosi»  obtanied  on   fertile 

loams.     The  greater  ability  of  the  loam  to  retain  moisture  insures 

Ix'tter  and  moiv  uniform  germination  during  ])criods  of  diouirhl.  an 

luportant  factor  in  the  success  of  the  crop. 

In  regard  to  the  cultivation  of  barley  on  lighi,  >andy  .^oil.  Mi. 
!1.  K.  Blanchard.  in  charge  of  the  cooperative  grain  experimental 
-tation  at  Modesto  and  Ceres,  Cal.,  in  a  n'port  says: 

Oil  li^lit,  .^iaiuly  soil  the  crop  matiiros  cjirly.  but  tlio  jrrowth  niul  stoollnj;  an? 
IMK>r  aiul  the  hfails  small.  On  the  ht'avlor  soils  a  jrreatly  iiuproveil  comlltlon 
ot  growth  ami  yield  was  shown. 

E.xperiments  conducted  for  several  years  at  the  Tennessee  station 
>howed  the  rehitive  value  of  fertile  and  poor  soils  for  barley  cidture. 
On  fertile  soil  the  yield  averaged  iui  bushels  to  the  acre,  while  on 
poorer  soil  the  yield  was  only  28.5  liushels. 

Well-drained  soil  is  essential  for  the  best  success  with  barley,  as 
shown  by  experiments  in  Wisconsin.  At  Center  drained  land  j)ro- 
duced  8r>.72  bushels  to  the  acre,  while  undrained  land  j)ro(hiced  but 
25.75  bushels.  At  Appleton  the  difference  in  favor  or  the  drained 
l.pul  ^x  .1^  1 1  l»nshels  to  the  acre. 

FERTILIZERS  AND  MANURES. 

General  statement. — Barley  is  rather  shallow  rooted  as  compared 
wiili  other  cereals.  As  careftd  field  observations  show  that  the 
greater  portion  of  the  feeding  roots  are  coiifined  to  the  upper  G 
inches  of  soil,  the  plant  food  should  be  near  the  surface  and  in  an 


available  form.  This  is  one  of  the  rea.sons  why  barley  responds  so 
re.'idily  to  commercial  fertilizers. 

Barnyard  manure. — Barnyard  manure  is  the  best  fertilizer  for  bar- 
ley, if  it  is  available  in  surficient  quantity  and  is  applied  at  the  right 
time.  It  is  superior  to  commercial  fertilizers  Ix'cau.se  in  addition  to 
the  three  essential  elements — nitrogen.  j)hosi)horus,  and  potassium — 
it  contains  vegetable  matter  which  improves  the  ])hysical  condition 
of  the  soil.  ()n  the  loamy  soils  of  the  West  the  addition  of  vegetable 
matter  is  not  so  important,  but  on  the  clay  soils  of  the  South  it  has 
much  to  do  with  the  success  of  the  crop.  Compact  soils  are  made 
open  and  porous  by  the  addition  of  barnyard  manure,  while  the  veg- 
etable matter  absorbs  and  holds  moisture  and  prevents  the  drying 
and  baking  so  common  on  such  soils.  It  has  been  demonstrated, 
however,  that  plowing  under  coarse  barnyard  manure  just  Ix^fore 
sowing  barley  seldom  gives  good  results.  Its  effect  on  the  physical 
condition  of  the  soil  is  generally  injurious,  niaking  it  too  open  and 
))orous.  If  plowed  under  some  time  l>efore  seeding,  the  plant  footl 
becomes  available,  the  soil  I.m-  niiw  i^^  ^i.fthv  mh.I  tin.  r<'-)dts  are 
beneficial. 

Green  'manures. — Where  ine  mmi  i>  tuin  imi  m  pumi  lood  and 
humus,  the  plowing  under  of  clover,  alfalfa,  cowpeas.  or  other  green- 
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manure  crops  some  time  previous  to  the  sowing  of  barley  is  of 
benefit.  In  figure  10  the  operation  of  plowing  under  cowpeas  on  a 
heavy  clay  soil  is  shown.  Figure  11  shows  the  excellent  growth  of 
barley  produced  on  a  clay-loam  soil  after  the  plowing  under  of  a 
green-manure  crop.  On  lands  already  rich  in  nitrogen,  ploAving 
under  these  crops  generally  causes  lodging,  consequently  they  must 
be  used  with  judgment.  It  is  sometimes  necessary  to  apply  lime  to 
correct  the  acidity  due  to  the  decay  of  green  vegetation. 

The  reduced  yields  of  grain  in  recent  years  have  shown  that  the 
soils  of  the  barley-producing  areas  are  not  inexhaustible.  The  barn- 
yard manure  produced  is  not  sufficient  to  replace  the  fertility  re- 
moved by  the  crops,  and  the  use  of  green  manures  is  advocated 
wherever  possible. 

At  the  Montana  station,  barley  after  peas  gave  a  yield  of  GT.T 
bushels,  but  after  a  grain  crop  it  yielded  only  85  bushels.     At  the 


Fig.  10. — Plowing  undrr  eowpoas  as  a  yrccn-mauure  crop. 

Utah  station  a  crop  of  field  peas  plowed  under  increased  the  yield 
of  barley  from  T.'22  bushels  to  22. o()  bushels. 

Commercial  fertilizers. — Where  barnyard  or  green  manures  are  not 
available,  it  is  sometimes  necessary  to  use  commercial  fertilizers  in 
order  to  produce  good  crops  of  barley.  The  quantity  and  kind  of 
fertilizer  to  be  used  depends  on  the  requirement  of  the  crop  and  the 
fertility  of  the  soil.  If  the  plants  lack  vigor  and  are  of  poor  color, 
though  climatic  and  other  conditions  are  favorable,  it  is  an  excellent 
indication  of  a  lack  of  nitrogen  and  phosphorus.  In  favorable 
seasons,  if  the  grain  fails  to  fill  properly,  the  necessity  of  increasing 
the  quantity  of  phosphates  and  potash  is  indicated.  Frequently  a 
complete  fertilizer  containing  the  three  important  elements,  nitrogen, 
phosphorus,  and  potassium,  may  be  necessary.  Barley  usnally  has 
large,  heavy  heads  and  consequently  requires  a  stiff  straw  to  prevent 
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(he  plant  from  lodging?.     The  fertilizer  sliould,  therefore,  contain  a 
hi<i:her  percentage  of  potash  and  plux^phonis  than  of  nitrogen. 

\\'ljere  barli'V  follows  eowpeas  or  otlu  r  leginninoiis  crops  nitrogen 
can  fr(M|uejitly  Ih»  omitted  from  the  fi»rtilizer  used,  this  element  In'ing 
furnished  by  thex'  crops,  hut  the  i)hosj)horus  and  potash  will  have  to 
Ih»  >upplied.  In  this  case  the  application  of  *2(M)  pounds  of  acid  phos- 
phate and  7.")  pounds  of  muriate  of  pota>h  per  acre  will  give  good  re- 
sults. Haw  rock  phosphate  may  be  used  instead  of  the  acid  phosphate. 
It  lK?comes  available  more  slowly,  but  the  InMieficial  elFect  extends 
over  a  :nuch  longer  period.  Kaw  rock  phosi)hate  (1(k»s  not  increase 
the  acidity  of  the  soil  as  does  ihe  acid  pnos|)hate.  Best  results  will 
b«'  obtained  from  the  use  of  the  rock  |)ho>phate  if  it  is  added  to  stable 
manure  before  the  latter  is  apnlied  or  ii  it  is  plowed  under  with  a 
irreen-mniiure  crop.     lion.  \\'.  1).  Ilonrd.  of  denei-sou  Count  v.  ^^"ls.. 


I"i'.     I  1        A   li'I'l  <'\  ^ix  lowod  hnrloy  jrrown  after  :i  ^rofn  mamirpcrop. 

reports  that  on  his  farm  a  field  of  alfalfa  which  had  been  heavily 
manured  two  years  previously  was  plowed  up  and  sown  to  barley. 
\  yield  of  35  bushels  to  the  acre  was  obtained.  A  similar  field  on 
which  manure  treated  with  raw  rock  phosj)hate  was  applied  gave  a 
yield  of  51  bushels.  The  increase  of  1(»  bushels  was  accre<lited  to  the 
use  of  rock  |)hosphate. 

On  the  clay  soils  of  the  Arlington  Experimental  Farm,  near  Wash- 
ington. D.  C,  where  large  crops  of  cowpeas  and  rye  are  plowed  under, 
excellent  yields  of  barley  are  produced  when  200  pounds  of  acid 
phosj.hate  per  acre  are  applied.  At  the  Maryland  station  a  complete 
fertilizer  is  used,  which  is  mixed  when  needed.  It  consists  or  300 
I)ounds  tankage,  200  nounds  muriate  of  potash.  100  pounds  nitrate  of 
soda,  and  1,400  jiounds  of  14  per  cent  acid  phosphate.  This  is  applied 
at  the  time  of  seeding  at  the  rate  of  300  to  400  pounds  per  acre. 
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A  fertilizer  that  has  given  excellent  results  with  grain  crops  in  the 
Southern  States  is  made  up  of  1,400  pounds  of  acid  phosphate,  200 
pounds  tankage,  200  pounds  muriate  of  potash,  100  pounds  nitrate 
of  soda,  and  100  pounds  dried  blood.  This  is  applied  at  the  rate  of 
200  to  300  pounds  per  acre.  In  this  fertilizer  some  of  the  nitrogen 
is  immediately  available,  while  the  remainder  becomes  available 
slowly,  thus  furnishing  material  for  growth  throughout  the  season. 
Another  mixture  which  has  given  satisfaction  consists  of  200  pounds 
acid  phosphate,  50  pounds  muriate  of  potash,  and  50  pounds  nitrate 
of  soda,  applied  at  the  rate  of  300  pounds  to  the  acre.  A  light 
application  of  nitrate  of  soda  after  the  plants  are  up  will  prove  bene- 
ficial on  poor  soil. 

At  the  Kansas  station  the  application  of  about  200  pounds  of 
sodium  nitrate  per  acre  gave  an  extremely  vigorous  growth  and  in 
one  experiment  nearly  doubled  the  3'ield.  At  the  W3^oming  station 
an  application  of  sodium  nitrate  to  hull-less  barley  when  the  plants 
were  several  inches  high  increased  the  yield  of  hay  from  2,457  to 
4,918  pounds  per  acre. 

When  the  seed  is  sown  with  a  drill,  commercial  fertilizer  is  usualty 
drilled  in  with  the  seed.  AVhere  the  seed  is  sown  broadcast,  the 
fertilizer  is  generally  applied  by  means  of  a  special  fertilizer  attach- 
ment and  is  harrowed  in  before  seeding.  Instead  of  using  a  ready- 
mixed  fertilizer  it  is  sometimes  advisable  to  purchase  the  ingredients 
and  mix  the  fertilizer  as  it  is  needed. 

The  use  of  lime. — Acid  soils  are  not  adapted  to  barley  culture.  The 
Maryland  station  conducted  experiments  for  a  number  of  years  Avith 
liming  the  soil  for  both  barley  and  wheat  and  considers  the  applica- 
tion of  30  to  40  bushels  of  lime  per  acre  most  profitable.  The  Ten- 
nessee station  obtained  excellent  results  by  applying  25  bushels  of 
lime  per  acre  the  year  previous  to  planting  barley.  Finely  ground 
limestone  may  be  used  in  place  of  burnt  lime,  but  double  the  quantity 
is  necessary  to  obtain  the  same  results.  Experiments  conducted  by 
the  Rhode  Island  station  on  the  liming  of  soils  thi:oughout  the  State 
indicate  that  considerable  benefit  is  derived  from  the  use  of  lime, 
even  if  applied  directly  before  seeding  barley. 

Mimy  farmers  in  the  South  obtain  good  results  with  clover  after 
barley  from  drilling  in  500  to  1.000  pounds  per  acre  of  ground  lime 
just  before  sowing  the  barley.  Drilling  in  the  lime  has  also  given 
excellent  results  on  the  Arlington  Experimental  Farm.  Allien  the 
lime  is  drilled  in  it  is  distributed  much  more  evenly  than  when  sown 
broadcast.     Lime  can  also  be  distributed  Avith  a  manure  spreader. 

BARLEY  IN  THE  ROTATION. 
EFFECT   OF   THE   PRECEDING   CROP. 

In  the  greater  portion  of  the  United  States  barley  has  no  fixed 
place  in  the  rotation,  but  is  generally  sown  Avithout  regard  to  the 
preceding  crop.  The  market  demand  and  the  necessity  for  feed  are 
the  factors  which  usually  influence  the  acreage. 

The  preceding  crop  has  considerable  influence  on  the  yield  of 
barley.  At  the  Tennessee  station  it  Avas  found  that  Avinter  barley 
after  coAvpeas  Avere  turned  under  yielded  56  bushels,  Avhile  after  corn 
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tlio  yirld  was  only  I  i  i>ii-iici'>.  i  iii-  iii«ii<ai<'^  iiiai  oil  clay  soils  in  ihc 
Southern  aiul  CVntral  States,  wIkmt  the  supply  of  Innnus  is  usually 
(loHcieiit,  a  (lillVirnt  rotation  is  nccrssarv  from  that  practiced  on  tiie 
rich  i)rairio  or  alluvial  soils  when  I)arley,  after  corn,  jiotntoes,  or 
wheat,  usually  <»:ivcs  ^ood  results. 

At  the  South  Dakota  .station  various  rot-ation.s  have  In  ..  , ...  luctl 
for  a  nunilHM'  of  yt'"**^-  The.se  Iiave  given  an  excellent  opportunity 
to  study  the  elTec!  of  the  preceding  crop  on  barley.  Table  I  shows 
the  avera|]^e  yields  per  acre  of  barley  in  pounds  of  straw  and  bushels 
of  grain  in  several  rotations  for  three  years. 

Tablk  I. — Avvnifjc  yicUls  of  h'lrlcy,  both  grain  and  ntrair,  in  5  different 
tionM  in  a  S-ytar  tvnt  at  the  South  Dakota  station.'^ 


Rotation. 


Barl.r 

\N  ,  peas  (plowcil  under),  wheat,  corn. 

\\  :  y,  peas  (cut),  wlu-at.  corn 

Burliy.  inilU'i,  wheat 

Barley,  peus  (cut),  wheat . 

Averapc 

Barley  after  flax: 

Flax,  barley,  niillet,  wheat,  com , 


'^       Bushels,     pounds. 
\ih.lh  1.10 

40.  G6  1.13 


34  66 
35.00 

1.36 
.96 

1,<J30 

36.52  1           1.15 

2.075 

40.20 

1.07 

a  Bul.  79,  South  Dakota  Agricultural  Expcriiueut  Station. 


In  the  rotation  where  flax  preceded  barle}^  the  yield  of  barley 
was  nearly  3  bu.shels  greater  than  the  average  of  the  4  rotations  in 
which  barley  followed  wheat,  indicating  that  flax  is  a  l)etter  crop  than 
wheat  to  ])recede  barley.  Professor  Chilcott  states  that  the  rotation 
in  which  barley  followed  flax  was  satisfactory  for  South  Dakota. 

Better  yields  are  generally  obtained  where  barley  follows  a  culti- 
vated crop  than  when  it  follows  a  small-grain  croj).  Valuable  data 
have  been  collected  by  the  Ontario  Agricultural  College  on  the  effect 
of  the  preceding  crop  on  barley.  The  average  yield  of  barley  grown 
after  root  crops  was  27.75  bushels  to  the  acre  as  reported  by  J^87 
correspondents,  while  535  reported  growing  barley  after  other  crop.s, 
with  average  yields  of  24.5  bushels.  The  weight  per  bushel  of  cleaned 
seed  was  practically  the  same,  51.5  pounds.  The  average  yield  of 
barley  for  Ontario  as  reported  by  1,015  correspondents  was  22.2 
bushels  per  acre.  The  barley  grown  after  roots  gave  a  yield  of  5.5 
bu.^^hels  higher  than  the  averajre.  At  the  Ontario  Agricultural  Col- 
lege the  l>est  yields  of  barley  wn»re  produced  after  potatoes,  turnips, 
or  carrots,  especiallv  wlicn  flic  ImtkI  was  plowed  iiikI  well  nrcD.ir-rd 
for  the.se  crops. 

In  another  eXjMi.ui.in  m  v  .lii.ida.  barle^>.  «/.ii-.  .lim  »»ii*.ti  *>.i«- 
sown  after  summer  fallow,  wheat,  and  emmer.  The  largest  yields 
were  obtained  where  these  crops  were  .sown  after  emmer,  and  the 
poorest  yields  where  they  followed  wheat. 
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18  barley:  growing  the  crop. 

COMMON  ROTATIONS  WHICH   INCLUDE   BARLEY. 

A  rotation  which  has  given  satisfaction  in  Minnesota  consists  of 
one  year  of  corn ;  one  year  of  barley,  grass  seed  being  sown  with  the 
grain;  meadow  and  pasture  as  long  as  desired.  Flax  may  take  the 
place  of  corn,  or  may  immediately  precede  it.  A  rotation  planned  to 
keep  up  the  soil  fertility  consists  of  corn  two  years;  barley  one  year, 
with  grass  or  clover  sown  with  it ;  hay  two  years,  or  meadow  one  year, 
and  pasture  one  or  more  years.  The  grass  land  should  be  manured  i 
before  breaking  for  corn. 

In  the  Dakotas  barley  frequently  follows  wheat,  the  wheat  stubble 
being  disked  and  the  barley  drilled  in.  Where  corn  and  oats  are 
grown  it  may  follow  either  of  these  crops.  It  generally  does  best, 
however,  when  following  corn  or  where  a  leguminous  or  green- 
manure  crop  has  been  plowed  under  the  preceding  year.  On  many 
farms  wheat  is  grown,  almost  continuously,  barley  being  grown  only 
where  a  change  of  feed  is  desired,  or  when  the  land  becomes  weedy. 

In  Kansas,  where  alfalfa  is  grown,  corn  frequently  follows  that 
crop,  while  barley  or  other  small  grains  follow  corn.  In  Montana, 
where  the  growing  of  small  grain  predominates,  a  rotation  which 
includes  two  years  of  clover  followed  by  three  crops  of  small  grain, 
in  the  last  of  which  clover  is  again  sown,  has  given  good  results. 

A  4-year  rotation  recommended  for  Wyoming  is  peas,  grain,  pota- 
toes, grain.  A  good  6-year  or  T-year  rotation  is  as  follows:  Alfalfa, 
three  3 ears;  fourth  year,  grain;  fifth  year,  potatoes;  sixth  year,  or 
sixth  and  seventh  years,  grain.  In  Utah,  Nevada,  and  Idaho  no 
definite  rotation  is  commonly  followed,  and  barley  is  sown  after 
fallow  or  any  crop.  To  obtain  best  results,  however,  a  rotation 
should  be  practiced  which  includes  leguminous  crops.  In  the  Pacific 
States  barley  generally  follows  summer  fallow  or  wheat.  In  some 
localities  barley  is  sown  continuously  on  the  same  land  for  a  number 
of  years. 

In  a  comparison  between  continuous  cropping  and  the  average  of 
two  3-year  rotations  at  11  stations  in  the  Great  Plains  area,  Chilcott « 
found  that  under  the  former  method  barley  averaged  21.1  bushels  to 
the  acre,  while  in  the  rotations  the  yield  was  24.3  bushels,  an  increase 
of  3.2  bushels  where  rotation  was  practiced.  This  increase  in  yield 
was  obtained  without  a  corresponding  increase  in  cost  of  production. 
The  rotations  which  included  barley  were:  (1)  Barley  on  disked  corn 
ground,  oats  on  ground  plowed  early  the  preceding  fall,  com  on 
ground  plowed  early  the  preceding  fall;  (2)  oats  on  spring-plowed 
land,  barley  on  spring-plowed  land,  corn  on  spring-plowed  land. 

Rotation  No.  1  gave  an  average  yield  of  25.9  bushels  per  acre  at 
the  11  stations,  and  rotation  No.  2  averaged  22.83  bushels.  Table  II 
gives  the  yields  of  barley  obtained  in  these  rotations  at  each  of  the 
stations,  showing  also  the  yield  from  continuous  cropping  for  com- 
parison. 

«  Chilcott,  E.  C.     A  Study  of  Cultivation  Methods  and  Crop  Rotations  in  the 
Great  Plains  Area.     Bulletin  187,   Bureau  of  Plant  Industry,  U.   S.  Dept.   of 
Agriculture,  1910. 
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Station. 

Yew. 

Avenge  jrleld  p«r  men  (bashds). 

Rotation 
No.  L 

Rotation    (VinlitiiioiM 
No. 

Judith  Bnsin.  Mont. 
Dickinson,  N.  Dak.. 

Do 

Edgeloy.  N.  Dak 

Do 

Do 

1909 
1906 

UMYt 

42.7 
4S.6 

39.1 
84.4 

49.2 

0,6 
.0 

..:.  7 

44.2 
33.5 
39.8 

ia2 

25.0 
27.0 

Ilifrhntore,  8.  Dak. 


29.2 


IH) 

Brr 

1«.M)7 
190S 

IIMW 
I'KW 

iyo9 

1908 
1909 

47.1 
Ml  f. 

24.  y 
21. :) 

24.  9 
12.3 

5.1 

0 

7.5 

0 

28.3 
29.9 
28.1 
40.2 
•22.  3 
IK..") 

"a!  2 

5.7 
0 

&1 
0 

30.2 
29.8 
23.8 
39.0 
19.6 

i9.'7 

5.8 

Do 

Akron.  Colo 

Havw   k- .,w          

G;i!                    ''.  uis 

2.4 

Da;                          

0 

7.9 

0 

Alii 

Do 

V  voinge 

25.9 

22.83 

21.1 

The  Superintendent  of  the  North  Platte,  Nebr.,  substation  says  in 
a  recent  publication:" 

A  rotation  that  seems  woll  adapted  to  our  conditions  here  Is  ns  follows: 
Summer  tillage,  winter  wheat,  corn,  spring  grain,  cane.  Sumim»r  till  and  sow 
winter  wheat:  disk  and  fall  plow  the  wheat  stubble  for  corn  the  next  year;  disk 
the  corn  stubble  for  a  spring  grain — oats,  whejit,  or  bark^y ;  apply  manure  during 
the  winter,  disk  in  the  spring  and  plow  for  cane,  which  completes  the  rotation. 

CLEARING  THE  LAND  OF  WEEDS. 

Owing  to  its  early  maturity,  barley  is  an  excellent  crop  for  clearing 
the  land  of  weeds,  as  it  is  cut  before  they  mature  seed.  After  tlie  crop 
is  removed  the  land  can  be  jilowed  or  disked,  thus  destroyiii<r  the 
weeds  that  are  growing  in  the  stubble.  Furtlier  cultivation  will  kill 
any  that  survive  this  treatment  or  appear  later.  In  the  semi- 
arid  regions  this  added  cultivation  is  of  considerable  value  in  conserv- 
ing tlie  moisture  for  the  succeeding  crop. 

EFFECT  OF  BARLEY  ON  THE  LAND. 

Experiments  conducted  at  the  South  Dakota  station  indicate  that 
!)arlev  as  a  crop  is  exhaustive  to  the  land.  A  crop  of  barley  of  40 
bu.shels  or  1,920  pounds  of  grain  and  2,200  pounds  of  straw  removed 
from  the  soil  54.14  pounds  of  nitrogen,  20.93  pounds  of  phosphoric 
:icid,  and  49.35  pounds  of  potash,  a  totiil  of  124.42  pounds.  Com- 
paring this  with  other  crops,  we  find  that  a  30-l)ushel  crop  of  corn, 
weighing  1,680  pounds,  removed  a  total  of  113.99  pounds  of  these 
three  elements;  a  15-bushel  wheat  crop,  weighing  900  pounds,  removed 
59.11  pounds;  and  a  45-bushel  oat  crop,  weighing  1,440  pounds, 
removed  97.77  pounds. 


°  Bulletin  109,  Nebraska  Agricultural  Eb[i)eriment  Station. 
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20  bakley:  growing  the  crop. 

The  comparative  quantities  of  the  elements  removed  from  the  soil 
by  the  grain  and  the  straw  of  a  40-bushel  barley  crop  were  found  to 
be  as  follows:  Nitrogen,  28.99  and  25.15  pounds;  phosphoric  acid, 
15.17  and  5.76  pounds;  and  potash,  9.22  and  40.13  pounds,  respec- 
tively. From  these  figures  it  can  be  seen  that  the  grain  removed  1.1 
times  as  much  nitrogen  and  2.5  times  as  much  phosphoric  acid  as  the 
straw.  The  straw,  hoAvever,  removed  more  than  4  times  as  much 
potash  as  the  grain. 

It  has  been  estimated  that  under  California  conditions  a  40-bushel 
crop  of  barle}'  removes  46  pounds  of  nitrogen  from  the  soil,  or  1.15 
pounds  to  the  bushel.  A  60-bushel  crop  of  oats  removes  55  pounds 
of  nitrogen,  while  a  35-bushel  crop  of  wheat  removes  59  pounds.  In 
South  Dakota  it  was  found  that  a  40-bushel  crop  of  barley  removed 
1.35  pounds  of  nitrogen  per  bushel,  or  0.20  pound  more  than  in 
California. 

ALKALI  RESISTANCE  OF  BARLEY. 

Experiments  conducted  by  the  California  station  demonstrated  that 
barley  is  more  resistant  to  alkali  than  wheat,  as  it  withstood  consider- 
ably more  carbonate  of  soda  and  common  salt.  It  was  found  that 
barley  grew  to  a  height  of  4  feet  in  land  containing  more  than  12,000 
pounds  of  carbonate  of  soda  per  acre  in  the  upper  4  feet,  and  pro- 
duced 1  ton  of  hay  per  acre  on  a  soil  containing  more  than  5,000 
pounds  of  common  salt  in  the  same  depth.  This  station  recommends 
that  where  the  salt  exceeds  5,000  pounds  in  the  surface  4  feet,  barley 
should  be  given  the  preference  over  wheat.  In  the  irrigated  district 
near  Koswell,  N.  Mex.,  according  to  a  correspondent,  better  results 
were  obtained  when  winter  barley  was  grown  on  alkali  land  before 
seeding  to  alfalfa. 

DROUGHT  RESISTANCE  AND  WATER  REQUIREMENTS. 

With  the  exception  of  the  hooded  and  hull-less  varieties,  barley  is 
not  generally  considered  drought  resistant.  It  is  most  affected  when 
the  plants  are  small  and  when  the  heads  begin  to  fill.  This  accounts 
for  the  shortness  of  the  straw  following  a  dry  spring  and  the  poorly 
filled  heads  after  a  dry  period  during  heading.  The  hooded  and 
hull-less  barleys  will  generally  produce  a  crop  with  less  rainfall  than 
will  spring  wheats,  with  the  possible  exception  of  those  of  the 
durum  type. 

Experiments  conducted  by  the  Ontario  Agricultural  College  dem- 
onstrated that  the  water  requirements  of  the  various  small-grain 
crops  at  that  place  were:  Wheat,  22.6  inches;  oats,  21.15  inches;  and 
barley,  18.52  inches.  Previous  to  July  20,  barley  had  used  2.25  times 
and  oats  2.57  times  as  much  water  as  had  fallen  in  rain.  The  addi- 
tional water  necessarily  came  from  the  soil  moisture. 

At  the  South  Dakota  station  the  relative  quantities  of  moisture 
needed  to  produce  the  various  crops  were  determined.  It  was  esti- 
mated that  under  the  South  Dakota  conditions  it  required  464  tons 
of  water  to  make  1  ton  of  dr^^  matter  of  barley  as  compared  with  271 
tons  for  corn,  453  tons  for  wheat,  and  504  tons  for  oats.  It  was  esti 
mated  that  corn  used  4.63,  oats  7.49,  wheat  5.76,  and  barley  7.59 
acre-inches  of  water.  From  the  results  obtained  at  this  station  bar- 
ley was  believed  to  be  an  exhaustive  crop  on  soil  moisture. 
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under ^Visconsin  coiKlitions  it  required  4.01>  acre-inches  of  water  to 
make  1  ton  of  dry  matter  of  barley  as  compared  with  4.4 1  acre-inches 
for  oats  and  2.30  acre-inches  for  corn.  Tne  Colorado  station  found 
that  in  that  State  barley  required  less  moisture  than  oats. 

PREPARATION  OF  THE  LAND. 

GENERAL  STATEMENT. 

Barley  is  grown  over  such  a  wide  area  and  under  such  a  diversity 
of  conditions  that  definite  rules  for  its  cultivation  can  hardly  be 
given.  The  thorough  i)rej)aration  of  the  seed  bed  is  essential  under 
all  conditions,  as  on  this  depends  a  large  part  of  the  success  of  the 
crop. 

Plowing  should  l)e  done  the  fall  ])revious  or  a  considerable  time  Ik?- 
fore  seeding.  This  allows  a  complete  settling  of  the  soil  and  im- 
proves its  water-holding  capacity.  Many  failures  have  rt»sulted  from 
planting  barley  on  newly  plowed  ground,  especially  when  a  dry  sea- 
son followed.  The  crojp  seldom  does  well  on  newly  broken  sod; 
but  when  sod  land  is  to  be  planted  best  results  will  be  obtained  if  it 
is  broken  shallow  and  laid  fiat  rather  than  set  on  edge,  as  is  commonly 
done.  Breaking  should  be  done  while  the  grass  is  fresh  and  green, 
as  decomposition  then  sets  in  rapidly  and  the  vegetation  and  roots 
soon  decay.  Plowing  under  vegetation  when  the  plants  and  roots 
are  tough  is  injurious,  as  their  slow  decay  renders  the  soil  t(K>  open. 

No  soil  should  be  plowed  when  very  wet.  The  shearing  action  of 
the  plow  upon  the  bottom  of  the  furrow  is  likely  to  form  an  almost 
impervious  layer  or  '*  plowpan  "  by  compacting  the  soil  particles. 
Unless  the  depth  of  plowing  is  varied  from  year  to  year  this  layer  is 
likely  to  injure  the  growth  of  crops  that  follow.  B}^  gradually  chang- 
ing the  depth  of  plowing  each  year  new  soil  is  brought  to  the  top  and 
mixed  with  the  surface  soil  without  injuring  its  yielding  capacity. 

In  some  portions  of  the  United  States  the  ground  is  seldom  plowed 
for  barley  where  it  follows  a  cultivated  crop,  but  is  simply  cross  or 
double  disked  and  harrowed.  When  the  soil  is  in  good  physical 
condition  good  crops  may  be  obtained  by  this  method.  A  disk 
harrow  in  operation  on  corn  ground  is  shown  in  figure  12. 

PREPARATION  IN  THE  EASTERN  AND  CENTRAL  STATES. 

AVhere  possible,  barley  should  follow  a  cultivated  crop.  As  soon 
as  the  previous  crop  is  removed  in  the  fall  the  ground  should  lx» 
deeply  plowed  and  left  rough.  As  early  in  the  spring  as  possible  the 
land  should  be  double  disked,  either  crossing  or  lapping  half.  If 
the  soil  is  rough  and  cloddy  a  plank  drajr  (fig.  13)  should  l)e  uschI 
lo  break  the  clods.  In  extreme  cases  a  light  roller  should  first  be 
used.  The  disk  harrow  or  plank  drag  should  be  followed  by  the 
smoothing  harrow  to  make  a  fine  seed  l^ed.  In  a  cold,  backward 
-pring  this  treatment  will  aid  in  warming  up  the  soil. 

If  the  land  is  not  plowed  until  spring,  the  soil  sometimes  dries  out 
so  rapidly  that  it  l)ecomes  hard  before  the  plowing  can  be  completed. 
If  the  land  is  disked  as  early  as  possible  in  the  spring  a  mulch  is 
formed  that  prevents  excessive  drying,  so  that  the  land  remains  in 
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good  condition  for  plowing  for  some  time.  The  harrow  should  fol- 
low the  plow  as  rapidly  as  possible,  as  this  prevents  the  baking  or 
hardening  of  the  furrow  slice.  Further  preparation  should  be  the 
same  as  on  fall  plowing.  Barley  is  frequently  sown  in  this  section 
on  land  which  has  been  thoroughly  disked  but  not  plowed. 

PREPARATION   IN   THE   GREAT   PLAINS   AREA. 

In  the  Great  Plains  area,  where  a  most  important  factor  in  crop 
growth  is  the  conservation  of  moisture,  all  soil  preparation  and  culti- 
vation should  have  that  end  in  view.  The  land  should  be  plo\yed  in 
the  fall  and  left  rough,  or  plowed  in  the  spring  and  backset  in  the 
fall.  This  allows  the  soil  to  absorb  the  winter  rains  and  hold  the 
snow,  thus  retaining  the  moisture  which  falls.  The  soil  crumbles 
into  a  fine  condition  and  does  not  pack  as  when  smoothed  with  a 


Fig.  12. — The  cutaway  disk  harrow  as  it  is  used  in  the  preparation  of  corn  land  for 

small  grain. 

harrow.  It  also  blows  less  when  left  rough.  In  the  spring  the  land 
should  be  double  disked,  lapi^ing  half,  thus  making  a  comparatively 
level  surface.  The  harrow  should  follow  the  disk  in  order  to  form 
the  mulch  so  essential  to  the  conservation  of  moisture. 

In  portions  of  the  West  it  may  be  necessary  to  subsoil  and  to  use 
implements  to  pack  the  subsurface.  A  corrugated  roller,  a  heavy 
disk  harrow  with  the  disks  set  straight,  or  a  heavy  spike-tooth  harrow 
can  be  used  to  advantage  for  crushing  clods  and  packing  the  soil.  A 
common  smooth  roller  is  apt  to  make  the  soil  too  compact  unless  it 
is  followed  immediately  by  the  harrow  to  loosen  the  surface. 

In  some  portions  of  the  Great  Plains  it  is  believed  best  to  leave 
the  stubble  unplowed  until  early  spring,  in  order  to  hold  the  winter 
snows  and  prevent  the  blowing  of  the  soil.  There  is  danger,  however, 
when  plowing  is  not  done  until  spring,  that  unfavorable  weather 
conditions  may  delay  seeding. 
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Barley  in  the  Pacific  States  is  sown  in  both  winter  and  spring. 
<lejx»n(lin«r  on  the  h)cality  and  season.  The  preparation  of  the  soil 
varies  with  the  method  and  time  of  seeding. 

In  California,  in  the  valleys  subject  to  overflow,  barley  is  sown  late 
in  the  sprin<r.  The  land  should  l)e  ])lowed  deep  and  the  |)low  followed 
immeiliately  l)V  the  harrow,  so  that  a  g(K)d  firm  seed  bed  may  be  j)re- 
pared.  When  the  land  is  plowed  and  the  seed  sown  in  the  same  o]>er- 
ation,  the  harrow  should  follow  to  make  a  good  seed  bed.  AVhere 
barley  is  sown  after  wheat  as  a  winter  crop,  the  wheat  stubble  should 
Ix?  doid)le  disked  as  soon  as  the  crop  is  removed.  This  breaks  down 
the  stubble,  covers  the  weed  seeds,  and  renders  the  soil  recej)tive  to 
the  fall  rains.  Immediately  following  the  fall  rain'--  tli<'  ]:nul  -"Ijould 
be  rather  deeply  plowed  and  well  harrowed. 


Fig.  13. — A  plank  drag,  a  useful  tool  in  preparing  the  seed  bed  for  barley. 

In  some  localities  it  is  occasionally  desirable  to  summer-fallow  for 
barle}^,  in  order  to  clean  the  land  of  weeds  or  to  rest  it  after  a  long 
period  of  continuous  cropping.  When  the  land  is  foul  with  weeds, 
the  method  of  cleaning  practiced  upon  the  experimental  farms  of 
the  Department  of  Agriculture  in  California  has  given  excellent  re- 
sults. Immediately  after  the  removal  of  the  previous  crop  the  land 
is  disked  and  harrowed.  After  the  fall  rains,  when  the  weed  seeds 
are  well  germinated,  the  land  is  plowed  to  a  dei)th  of  4  inches  and 
immediately  harrowed.  After  the  winter  rains  the  land  is  plowed  to 
a  depth  of  8  inches,  in  order  to  bring  to  the  surface  the  weed  seeds  not 
exposed  during  the  previous  plowing,  and  is  again  harrowed.  Dur- 
ing the  summer  the  land  is  kept  free  from  weeds  by  occasional  culti- 
vations. At  seeding  time  in  the  fall  or  winter  the  land  is  deeply 
disked,  the  seed  sown,  and  the  land  harrowed  as  rapidly  as  sown. 
To  obtain  the  best  results  the  land  should  be  harrowed  Just  before 
the  barley  comes  up,  in  order  to  kill  the  last  crop  of  weeds. 
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Where  land  is  fallowed  it  is  usuall}^  plowed  deep  and  a  surface 
mulch  maintained  by  the  occasional  use  of  the  harrow,  which  pre- 
vents a  crust  from  forming  and  destroys  the  young  weeds.  The  land 
is  again  harrowed  just  before  seeding.  This  method  has  many  advo- 
cates, as  it  requires  less  labor  than  the  one  just  described. 

Another  method  successfully  used  b}^  a  number  of  farmers  in  the 
semiarid  portions  of  Washington  is  adapted  to  a  large  area  in  the 
Pacific  Northwest,  where  conservation  of  moisture  is  necessary.  The 
land  is  deeply  plowed  in  the  fall  and  left  rough.  This  deep  plow- 
ing is  less  expensive  in  the  fall,  when  other  work  is  less  urgen^t,  than 
in  the  spring.  The  plowing  also  destroys  a  large  number  of  weeds, 
and  the  loose  soil  absorbs  and  stores  the  moisture  from  the  winter 
snows  and  rains.  As  early  in  the  spring  as  possible,  when  the  young 
weeds  and  volunteer  grains  appear,  the  land  is  plowed  shallow,  not 
more  than  half  the  depth  of  the  fall  plowing,  and  immediately  Avell 
harrowed.  This  shallow  plowing  is  light  work  for  the  team,  and 
the  land  can  rapidly  be  prepared  for  seeding.  The  harrowing  kills 
a  large  number  of  young  weeds  and  forms  a  mulch  which  conserves 
the  soil  moisture. 

PREPARATION  FOR  WINTER  BARLEY. 

AVhere  winter  barley  is  grown  various  methods  of  soil  preparation 
are  followed.  A  common  method  is  to  sow  it  after  a  cultivated  crop 
for  which  the  land  has  been  manured  and  plowed.  Where  barley 
follows  corn,  the  corn  is  cut  and  removed  from  the  field  or  placed  in 
large  shocks  in  straight  rows.  The  ground  is  then  deeply  disked 
both  ways  and  harrowed,  thus  obtaining  a  good  surface  and  a  firm 
seed  bed.  Where  winter  barley  follows  early  potatoes  or  a  grain 
crop,  as  soon  as  these  crops  are  removed  the  land  should  be  plowed 
shallow  or  disked  deep  and  harrowed.  By  continuing  the  cultiva- 
tion throughout  the  summer  a  mellow  seed  bed  free  from  weeds  is 
obtained  and  the  mulch  formed  retains  the  moisture  in  the  soil.  A 
shallow  disking  and  cross  harrowing  before  planting  insures  a  per- 
fect seed  bed.  On  the  compact  clay  soils  of  the  Eastern  and  Southern 
States  excellent  crops  of  winter  barley  can  be  grown  after  cowpeas 
turned  under  the  latter  part  of  August.  If  lime  has  not  been  applied 
for  several  years,  an  application  of  20  to  25  bushels  per  acre  should 
be  made.  This  should  be  thoroughly  mixed  Avith  the  soil,  either  by 
drilling  or  by  means  of  the  disk  and  smoothing  harrows.  In  dry 
seasons,  when  the  soil  is  cloddy,  the  clods  may  be  crushed  by  the 
corrugated  roller  followed  by  the  plank  drag.  If  the  smoothing 
harrow  is  then  used  an  excellent  seed  bed  is  formed.  The  use  of 
the  disk  drill  in  seeding  still  further  improves  the  surface  soil. 

EFFECT   OF   SOIL   TREATMENT   ON   THE   YIELD. 

At  the  Pennsylvania  station  six  diiferent  methods  of  soil  prepara- 
tion were  tried  in  duplicate.  In  three  of  the  methods  the  soil  was 
plowed,  while  in  the  remaining  three  it  was  simply  cultivated. 
Manchuria  (Mansury)  barley  was  sown  on  all  the  plats  at  the  rate 
of  8  pecks  per  acre.  The  average  yields  of  grain  and  of  straw  ob- 
tained from  each  of  the  methods  of  soil  preparation  are  given  in 
Table  III. 
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irith  tlifft  n  nt  methods  of  .kcm'/  prrparation. 
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«  Annual  report  for  1S91,  p.  48. 

The  yield  on  the  plowed  plats  was  considerably  lar«rer  than  lliai 
on  the  unplowed,  but  no  advantage  was  derived  from  additional  labor 
expended  in  either  case  over  the  plat  which  was  plowed  and  harrowed 
three  times.  Similar  re.sults  were  obtained  in  experiments  conducted 
•it  the  Utah  station,  where  excessive  cultivation  reduced  the  yield. 

Table  IV  gives  the  yield  in  bushels  to  the  acre  as  the  result  of  one 
year's  trial  of  l)arlev  in  Kansas,  at  the  Fort  Hays  Branch  Exj)erimenl 
Station,  with  different  methods  of  soil  preparation.  The  land  in 
these  experiments  was  all  plowed  alike  and  the  conditions  were  simi- 
lar, with  the  exception  of  the  later  treatment. 


]y.— Yield 
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1 

7 
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a  Bul.  128,  Kansas  Agricultural  Experiment  Station. 

The  highest  yield,  as  shown  in  the  table,  was  produced  on  the 
field  which  was  l>oth  harrowed  and  disked  after  plowing,  though 
packing  after  plowinjr  gave  nearly  the  same  result.s.  These  two  treat- 
ments each  produced  vields  4  bushels  higher  than  that  of  the  un- 
treated field,  while  all  the  treatments  result^'d  in  some  increase  in 
yield.  Too  much  emphasis,  however,  should  not  be  placed  on  the 
vields  obtained  from  the  different  treatments,  as  it  requires  a  num- 
ber of  years*  trial  to  demonstrate  which  is  the  most  profitable  method 
of  soil  treatment  in  any  locality. 
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Chilcott «  gives  the  average  yield  of  barley  obtained  in  1907-1909 
from  various  methods  of  tillage  at  11  different  stations  in  the  Great 
Plains  area,  located  in  Montana,  North  Dakota,  South  Dakota,  Colo- 
rado, Nebraska,  Kansas,  and  northern  Texas.  Where  the  land  was 
continuously  cropped  under  ordinary  methods,  the  average  yield  ob- 
tained was  21.11  bushels;  where  the  cropping  was  continuous,  but 
moisture-conservation  methods  were  practiced,  22.88  bushels;  and 
where  alternate  cropping  and  summer  tillage  were  practiced,  30.74 
bushels.  AVliile  summer  tillage  increased  the  yield  of  barley,  and  in 
seasons  of  drought  would  prevent  failure,  under  ordinary  conditions 
the  increased  cost  due  to  plowing,  disking,  and  harrowing  proved  too 
expensive  for  the  increased  results  obtained. 

SOWING  THE  SEED. 

Kind  of  seed  to  sow. — The  proper  selection  of  barley  for  seed  is 
important,  but  is  a  factor  in  the  production  of  the  crop  which  is 
often  neglected.  AMiere  the  grain  is  very  small  or  imperfect  the 
vitality  is  generally  poor.  Even  though  these  small  grains  germinate, 
the  plants  produced  are  weak  and  may  not  survive  an  unfavorable 
season.  If  they  mature,  they  generally  produce  grain  of  inferior 
quality.  The  lateral  grains  in  the  six-rowed  barley  during  unfavor- 
able seasons  are  light  and  chaffy  and  will  not  germinate,  hence  they 
should  be  removed  and  only  plump  seed  sown.  The  stand  will  be 
considerably  improved  by  the  removal  of  this  inferior  seed.  It  is 
generally  true  that  large,  plump  seeds  contain  larger  germs  than 
small  ones  and  produce  stronger  and  more  vigorous  plants,  which 
rapidly  develop  large,  healthy  root  systems.  This  rapid  develop- 
ment of  the  root  systems  aids  them  to  resist  drought  or  other  unfavor- 
able conditions.  ^Aliere  a  well-established  root  system  is  developed 
early  in  the  growth  of  the  plant,  the  maximum  quantity  of  moisture 
and  plant  food  for  its  successful  development  is  supplied.  On  the 
Great  Plains,  where  barley  is  injured  by  the  blowing  of  the  soil,  a 
plant  with  a  strong  root  system  can  better  retain  its  h6ld  than  a  weak- 
rooted  one. 

Testing  the  germination. — If,  owing  to  unfavorable  weather  condi- 
tions during  the  ripening  period  or  after  harvest,  the  seed  is  of  doubt- 
fid  viability,  several  lots  of  100  grains  each  should  be  taken  from 
different  parts  of  the  seed  bin  and  tested  in  plates  of  moist  sand  or 
earth,  or  between  sheets  of  moist  blotting  paper.  If  less  than  90 
grains  of  each  lot  show  vigorous  germination,  better  seed  should  be 
obtained  or  the  quantity  of  seed  sown  per  acre  increased. 

Time  of  seeding. — Barley  should  be  sown  as  soon  as  danger  from 
severe  frosts  is  over  and  the  soil  is  sufficiently  warm  and  dry  to  pre- 
pare a  good  seed  bed.  This  date  varies  in  the  Northern  States  from 
April  1  to  May  15,  according  to  the  locality  and  season.  In  the  cen- 
tral portion  of  the  United  States  planting  begins  as  early  as  March  1 
and  continues  until  the  middle  of  April.  In  the  Southern  and  Central 
States  where  winter  barley  is  sown,  seeding  between  September  15  and 

«  Chilcott,  E.  C.     A  Study  of  Cultivation  Methods  and  Crop  Rotations  in  the 
Great  Plains  Area.     Bulletin  187,  Bureau  of  Plant  Industry,  U.   S.  Dept.  of 
Agriculture,  1910. 
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October  15  gives  best  results.  AMiere  the  crop  is  liable  to  attack  from 
insects,  C)ctolK»r  1  to  l.**  is  proferal)le.  If  inlendiMl  for  pasture,  how- 
ever, the  stvding  should  be  done  early  in  Au«rnst.  In  the  South- 
western States  seedin<;  is  most  successful  wlien  done  in  Novcmln'r, 
I)ecemlHM\  and  tJanuarv.  In  California  the  seedin<i:  of  barley  extends 
from  XovembtT  to  March,  according  to  the  elevation,  l(Kation.  ml 
season. 

At  the  Kansas  station,  in  1905  and  1000,  experiments  were  con- 
ducted on  the  seedinjr  of  barley  on  various  dates.  In  11)05  seedinir 
iH'gjui  on  March  10  and  was  continued  on  March  14  and  30.  April  13, 
'20,  and  27,  and  Mav  (5  and  12.  The  seeding  of  March  30  gave  the 
bt»st  yiehl,  25.(;i)  l)usliels,  while  that  of  May  12  gave  the  lowest  yield, 
G.G4  bushels,  only  about  cme-fourth  as  much  as  the  seeding  of  March  30. 
In  IDOO  the  experiment  was  repeated,  the  seeding  beginning  Feb- 
ruary 1.  Seed  was  also  sown  February  1!),  March  21),  April  10,  21, 
and  28,  and  May  11.  Owing  to  favorable  weather  conditions  the 
seeding  of  February  1  gave  the  largest  yield,  30.55  bushels,  and  that 
of  February  10  the  next  highest,  30.21  bushels,  while  the  lowest  yield 
obtained,  5.83  bushels,  was  from  the  setMling  of  May  11.  In  general, 
however,  seeding  as  early  as  February  is  not  advisable  in  Kansas. 

Rate  of  seeding. — The  rate  of  seeding  de])ends  on  the  rainfall,  the 
fertility  of  the  soil,  and  the  variety.  In  the  humid  regions  seeding 
at  the  rate  of  8  pecks  to  the  acre  gives  the  best  results,  while  in  the 
semiarid  regions  of  the  West  and  Southwest  4  to  0  pecks  are  sufficient. 
Thick  sowing,  even  under  ideal  conditions,  while  it  produces  a  heavy 
stand,  does  not  always  give  the  best  results,  as  when  the  plants  are 
crowded  there  is  a  tendency  for  the  grain  produced  to  be  small. 

At  the  North  Platte.  Nebr.,  substation,  4  varieties  of  connnon  bailey 
were  sown  at  4  different  rates,  2,  4,  0,  and  8  pecks  per  acre,  on  two 
different  dates  in  1007.  March  20  and  April  3.  and  on  one  date  in 
1008,  April  0.  The  highest  average  yield  for  the  three  dates  of *seed- 
ing  was  obtained  from  the  0-i:)eck  rate.  With  the  hull-less  barley 
sown  on  the  same  dates  at  the  rates  of  2j  4,  and  0  pecks  to  the  acre, 
the  4-peck  and  0-peck  rates  gave  practically  the  same  yields,  about 
2.5  bushels  more  than  the  2-peck  rate. 

Method  of  seeding.— The  best  method  of  sowing  barley  is  in  drills 
0  or  8  inches  apart  (fig.  14).  This  method  insures  even  distribution 
of  the  seed  and  places  the  grain  at  the  proper  depth  for  germination, 
thus  promoting  a  perfect  stand.  Grain  in  drills  can  withstand  a 
dry  season  better  than  that  sown  broadcast,  as  the  plants  develop  a 
deeper  root  system,  enabling  them  to  absorb  more  plant  food  and 
moisture  from  the  soil.  AVhere  the  crop  is  drilled  there  is  a  better 
opportunity  for  air  and  sunlight  to  penetrate,  an  important  factor 
during  a  moist  season.  When  barley  is  sown  broadciist  and  harrowed 
in,  it  is  covered  to  various  depths  and  germinates  unevenly.  While 
a  good  stand  may  be  ol)tained.  the  plants  from  seed  not  sufficiently 
covered  frequently  fail  to  survive  a  long  dry  period  following  spring 
sowing,  or  a  severe  winter  after  fall  sowing. 

At  the  North  Platte,  Nebr.,  substation,  drilled  barley  yielded  27.7 
bushels  to  the  acre,  while  that  sown  broadcast  gave  a  vield  of  only 
17.7  bushels,  an  increase  of  10  bushels  in  favor  of  drilling.  As  the 
season  was  dry.  the  drilled  barley  germinated  quicker  and  made  a 
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better  stand  than  that  sown  broadcast.  In  an  experiment  conducted 
by  the  Wyoming  station  at  five  substations,  at  elevations  ranging 
from  4,000  to  7,200  feet,  it  was  found  that  barley  sown  in  8-inch 
drills,  1  inch  apart  in  the  row,  gave  the  largest  yields. 

Depth  of  seeding. — Little  attention  is  generally  paid  to  the  depth  at 
which  barley  is  sown.  It  varies  from  a  fraction  of  an  inch  when 
sown  broadcast  to  several  inches  when  sown  with  a  drill.  The  proper 
depth  depends  on  the  moisture  and  the  physical  condition  of  the  soil. 
Usually,  seeding  at  a  depth  of  2  to  8  inches  will  give  best  results. 
On  compact  soils  the  former  depth  is  sufficient. 

In,  an  experiment  at  the  North  Dakota  station  «  in  seeding  barley 
at  depths  varying  from  1  inch  to  4J  inches,  it  was  found  that  seed- 
ing at  a  depth  of  3  inches  gave  the  best  results.     In  an  experiment 


Fig.  14. 


-A  grain   drill  and  a  well-prepared  seed  bed,   two   important  factors   in   barley 

culture. 


at  the  Minnesota  station  in  seeding  barley  at  different  depths  from 
one-half  inch  to  3  inches  it  was  found  that  the  highest  yield  of 
grain  and  straw  was  obtained  from  seeding  at  depths  of  1  to  2  inches. 
The  deeper  seeding  required  one  day  longer  to  mature.  In  another 
experiment  at  this  station  it  was  found  that  barley  covered  to  a  depth 
of  1  inch  or  less  germinated  better  and  tillered  more  than  that  planted 
deeper.  In  still  another  test  the  seed  was  sown  at  depths  ranging 
from  three-fourths  of  an  inch  to  ^  inches.  The  shallowest  planting 
gave  the  largest  yield  of  straw,  2,120  pounds,  but  the  smallest  yield  of 
grain,  24.5  bushels,  while  the  deepest  planting  gave  a  vield  of  1.770 
pounds  of  straw  and  31.9  bushels  of  grain. 

"Bulletin  39,  North  Dakota  Aj^^ricnltural  Experiment  Station. 
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TREATMENT  AFTER  SEEDING. 
CULTIVATION. 

Riirley,  ns  n  rule,  is  not  cultivated,  thouffh  in  the  semiarid  regions 
or  in  seasons  of  droufrht  in  the  more  huniiclones  barley  sown  in  drills 
will  he  benefited  bv  cultivation  with  a  hj)ike-t()otije<l  harrow  or 
weeder.  This  loosens  the  surface  soil,  aids  m  holding  the  moisture, 
and  destroys  small  weeds.  Barley  sown  broadcast,  however,  can  not 
be  cultivated  without  considerable  loss. 

In  an  experiment  at  the  Akron,  Colo.,  substation,  two  phii  ..  :^ 
sown  to  barley  in  8-inch  and  I'i-inch  drills.  The  same  rate  of  seed- 
ing per  row  was  used.  One  plat  of  each  width  of  plantinj^  was  culti- 
vated with  a  harrow,  while  the  other  was  not.  The  cultivated  j)lat 
in  8-inch  drills  yielded  l.*2  times  as  much  straw  and  1.4  times  as  much 
grain  as  the  uncultivated  plat.  The  cultivated  plat  in  12-inch  drills 
yielded  1.5  times  as  much  straw  and  grain  as  the  uncultivated  plat. 
The  plants  on  the  cultivated  plats  were  2  to  3  inches  taller  than 
those  on  the  uncultivated  ones.  On  the  experiment  farms  at  Modesto 
and  Ceres,  Cal.,  fields  of  barley  were  harrowed  just  before  the  grain 
came  up,  and  many  weeds  were  killed  by  this  cultivation.  After 
the  winter  rains  were  over  the  cidtivation  was  continued  after  every 
shower  until  the  grain  was  so  high  as  to  be  injured  by  the  harrow. 
These  harrowings  were  of  much  benefit  to  the  growing  grain.  At 
the  Highmore.  S.  Dak.,  substation,  the  harrow  is  used  to  preserve  the 
soil  mulch  before  the  plants  appear.  After  the  plants  are  an  inch  or 
more  in  height  the  weeder  is  used  until  the  grain  is  0  inches  high. 
This  treatment  is  efficient  in  destroying  a  large  number  of  weeds  as 
well  as  in  conserving  the  moisture.  At  the  Wyoming  station  a 
thorough  harrowing  to  l)reak  the  soil  crust  and  conserve  the  moisture 
is  considered  an  excellent  practice  during  early  growth. 

IRRIGATION. 

In  the  Rocky  Mountain  States  considerable  barley  is  grown  under 
irrigation.  The  proper  quantity  of  water  to  apply  to  obtain  the  lx;st 
results  is  a  question  of  considerable  importanci'."  Where  the  supply 
is  abundant,  farmers  are  apt  to  u.se  more  water  than  is  necessar3\ 
Surface  indications  are  not  safe  guides  to  follow  in  the  irrigation 
of  barley,  as  a  soil  may  appear  to  be  dry  on  the  .surface  and  yet  <  (»!i 
tain  sufficient  moisture  for  the  growth  of  the  crop. 

The  Nevada  and  Wyopiing  stations  have  conducted  numerous 
experiments  in  the  irrigation  of  barley,  and  valuable  data  have  l)een 
obtained.  In  experiments  at  the  Nevada  station  in  the  past  two  years 
some  plats  were  given  what  was  considered  an  excessive  quantity 
of  water,  and  others  an  insufficient  supply.  Table  V  gives  the  number 
of  irrigations,  depth  of  water  applied,  and  the  yield  produced. 

"A  thorough  discussion  of  the  proper  use  of  water  for  tho  Irrlfrnt'         ':     ,;iin 
crops  can  be  found  in  Farmers'  Bulletin  ^99. 
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Table  V. — Yield  of  harlcy  obtained  from  no  irrigation  and  from  one  and  two 
irrigations,  and  the  application  of  various  depths  of  water  at  the  Nevada 
station  in  1908  and  1909. 


Number  of  irrigations. 

Depth  of 

water  in 

feet. 

Yield  per  acre. 

Yield  per  acre-foot 
of  water. 

Pounds. 

Bushels. 

Pounds. 

Bushels. 

2 

0.843 
.832 
.386 
.579 

1,432 
1,892 
1,677 
1,127 
1.080 

29.84 
39.43 
34.95 
23.49 
22.50 

1.700 
2,280 
4.360 
1,940 

35.40 

2 

47.40 

1 

90.60 

1 

40.57 

None 

This  table  shows  that  the  excessive  application  of  water  in  irri- 
gation gave  a  much  lower  yield  than  where  a  moderate  quantity  was 
used,  and  that  no  irrigation  gave  almost  as  good  a  yield  as  where  an 
excessive  supply  was  given  in  one  irrigation.  The  yield  per  acre-foot 
from  one  moderate  irrigation  was  much  greater  than  that  from  two 
irrigations. 

In  a  series  of  experiments  at  the  same  station  on  the  quantity  of 
water  necessary  to  produce  farm  crops,  water  was  applied  from  2 
to  8  times  to  the  barley  crop.  The  largest  yield,  58.5  bushels,  was 
obtained  from  2  irrigations,  and  the  application  of  water  to  a  depth 
of  0.99  foot.  The  barley  irrigated  8  times,  with  a  total  application 
of  1.34  feet  of  water,  yielded  only  33.8  bushels.  Barley  not  irrigated 
yielded  34  bushels,  or  slightly  more  than  that  irrigated  8  times. 
The  conclusion  arrived  at  was  that  in  ordinary  practice  fully  tAvice 
as  much  water  is  applied  as  is  required  for  best  results  with  barley. 

Experiments  in  the  irrigation  of  barley  at  the  Wyoming  station 
showed  that  this  crop  varies  in  yield  and  quality  according  to  the 
quantity  of  water  applied.  The  highest  yield  was  harvested  from 
the  plats  receiving  16  to  20  inches  of  water,  applied  in  3  irrigations. 
The  quality  for  brewing  purposes  Avas  injured  by  the  application  of 
too  much  water.  The  most  satisfactory  method  of  irrigation  was 
by  means  of  furrows  16  inches  apart,  as  compared  with  the  flood  and 
check  methods.  The  first  cost  was  higher,  but  the  labor  of  later  irri- 
gations was  less  than  with  either  of  the  other  methods.  In  a  number 
of  experiments  conducted  at  different  stations  throughout  the  State 
the  beneficial  effects  of  irrigation  were  noticeable  in  the  increased 
tillering  and  in  the  number  of  large,  well-matured  heads.  In  every 
case  the  increased  yield  demonstrated  the  value  of  irrigation  over  the 
nonirrigated  plats. 

HARVESTING  THE  CROP. 

Time  to  harvest. — Barley  ripens  in  the  Southern  States  from  May  1 
to  June  1.  In  the  Central  States  it  generally  matures  in  June  and 
July,  and  in  the  Northern  States  in  July  and  August.  In  the  Pacific 
States  the  time  of  ripening  varies  from  May  15  to  September  1,  accord- 
ing to  the  elevation  and  the  time  of  seeding.  Unfavorable  Aveather 
conditions  may  extend  the  season,  but  usually  a  few  days'  difference 
in  seeding  causes  but  a  slight  variation  in  the  time  of  ripening. 

Barley  requires  more  judgment  in  harvesting  than  almost  any 
other  cereal.     If  harvested  too  early  the  appearance  and  value  of 
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t!u'  prain  aro  injuiv<l  by  .shriuka^i'.  li  alluuiil  u>  Iktoimo  ()V('ri'i^)e 
the  hnuls  1)011(1  ovtM-  ami  shatter  bailly  during  harvesting,  while  in 
huinitl  iT«ri()ns  the  <rrain  Ix'oonies  discoloivd. 

The  hardness  of  the  grain  when  pinched  lK»tween  the  thiunb  and 
first  finger  will  indicate  when  the  crop  is  ready  to  liarvest.  If  the 
grain  can  just  be  dented  with  the  nail,  it  is  in  the  hard-dough  stage 
and  should  be  cut  immediately.  In  unfavorable  seasons,  when  the 
grain  ri|H'ns  uneveidy,  it  is  bi'tter  to  cut  when  most  of  the  heads  are 
ripe,  even  though  there  is  some  loss  from  shrinkage.  If  the  grain  is 
intended  for  brewing  nurposes  it  should  not  be  cut  too  early,  as  it 
increases  in  value  until  the  grain  is  dead  ripe.  Harley  should  not 
be  cut  when  wet  with  dew  or  rain,  as  the  bmulles  dry  out  slowly.  At 
the  Maryland  station  grain  of  better  color  and  higher  weight  per 
bushel  was  obtained  when  cut  when  the  straw  was  all  ripe  and  the 
gniin  in  the  dough  stage  than  from  earlier  or  later  cutting. 

Method  of  harvesting. — Hurley  is  usually  harvested  with  the  binder. 
In  the  semiarid  irgion  the  header  is  someliines  used,  and  in  the 
Pacific  and  KcK'ky  Mountain  States  the  combined  harvester,  though 
in  some  seasons  the  straw  is  too  short  for  the  use  of  either  of  these 
machines. 

In  dry  seasons  when  the  straw  is  short  it  can  sometimes  be  cut 
with  the  binder  by  lowering  the  platform  and  lowering  and  tilting 
the  reel.  Where  this  is  not  practicable,  the  crop  can  iPrequently  be 
cut  to  advantage  with  the  mower.  In  this  case  it  should  be  harvested 
before  it  is  fully  ripe  in  order  to  prevent  shattering  from  the  tramp- 
ling of  the  horses.  The  gi*ain  cures  readily,  and  can  be  bunched  with 
the  horserake  with  little  loss.  Cocks  can  tlien  be  made  which,  if 
carefully  topped,  will  shed  water  quite  readily. 

Shocking  and  stacking. — If  weather  conditions  are  favorable,  it  is 
best  to  let  the  bundles  dry  before  shocking.  They  should  then  be 
set  up  in  oblong  rather  than  round  shocks,  as  the  oblong  shocks  allow 
better  ventilation.  Capping  the  shocks  is  usually  practiced,  but  they 
should  not  be  capped  when  wet.  In  sections  of  the  West  where  high 
winds  prevail,  barley  is  usually  shocked  without  capping,  as  the  caps 
blow  off  and  the  quality  of  the  grain  in  such  sheaves  is  injured  by 
lying  on  the  <rround. 

Barley  while  in  the  shock  is  frequently  injured  by  heavy  rains. 
Moisture  not  only  discolors  the  grain,  but  if  excessive  may  also  cause 
it  to  sprout.  Opening  the  shocks  is  the  only  remedy.  The  common 
method  is  to  scatter  the  bundles  on  the  ground,  but  as  there  is  danger 
that  the  grain  in  contact  with  the  soil  will  absorb  sufficient  moisture 
to  ciiuse  further  injury,  the  method  practiced  in  Germany  and  bv 
farmers  in  some  localities  in  the  United  States  is  recommended. 
When  the  shocks  are  opened  the  fii*st  bundle  is  laid  flat  on  the  stub- 
ble; the  second  and  succeeding  bundles  are  then  laid  across  iha  middle 
of  the  preceding  ones,  t!ie  butt  ends  ivsting  on  the  gi'ound  and  the 
heads  projecting  l>eyond  the  bundles  upon  which  they  n»st,  the  object 
being  to  keep  tne  grain  off  the  ground.  By  lapping  the  bundles  in 
this  way  (fig.  15)  the  heads  are  kept  off  the  ground  and  are  exposed 
to  the  action  of  the  air.  so  that  they  dry  out  quickly.  Even  though 
rained  on  while  in  this  position,  they  will  soon  dr}-  and  will  be  dam- 
aged less  than  if  lying  on  the  ground. 
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Bailey  should  not  be  stacked  until  the  grain  has  at  least  partly 
cured  in  the  shock,  especially  when  the  bundles  contain  weeds  or 
grass.  Insufficient  curing  in  the  shock  may  cause  heating,  discolora- 
tion, and  germination  during  the  sweating  process  in  the  stack.  If 
the  grain  is  fulty  ripe  when  cut  it  can  be  stacked  in  a  few  days. 
In  the  semiarid  regions  some  growers  stack  as  soon  as  the  crop  is  cut. 

The  general  opinion  among  the  most  successful  growers  in  the 
West  is  that  stacking  gives  better  results  both  in  color  and  sound- 
ness, two  important  factors  in  regulating  the  price  of  barley.  Barley 
is  generally  mxore  difficult  to  stack  than  Avheat  or  oats  because  of  the 
shortness  of  the  straw.  As  it  does  not  shed  water  as  readily  as 
wheat  or  oats,  it  is  better  to  stack  in  slender,  circular  stacks,  rather 
than  in  the  e5i:tremely  large  ones  commonly  seen  in  the  West. 

Shock  thrashing  versus  stack  thrashing^. — ^^Considerable  difference  of 
opinion  exists  as  to  the  relative  merits  of  thrashing  from  the  shock 
and  from  the  stack.  The  difference  in  cost  is  usually  the  deciding 
factor.  On  the  smaller  farms,  where  practicable,  stacking  after  cur- 
ing in  the  shock  is  unquestionably  the  best  method,   as   a  better 


Fig.  15.— Method  of  laying  wet  bundles  to  dry  in  order  to  prevent  the  sprouting  of  the 
grain.     The  numbers  indicate  the  order  in  which  they  are  laid. 

quality  of  grain  is  produced.  On  the  larger  farms,  where  the  crop 
is  grown  on  an  extensive  scale,  the  thrashing  is  generally  done  from 
the  shock.  The  comparative  cost  of  thrashing  barley  from  the  stack 
and  from  the  shock  was  carefully  computed  in  Minnesota.  In  Nor- 
man County  the  cost  of  thrashing  from  the  shock  was  4.4  cents  per 
bushel,  and  of  stacking  and  thrashing,  5.4  cents.  In  Rice  County 
thrashing  barley  from  the  shock  cost  4.8  cents  per  bushel,  and  from 
the  stack,  5.9  cents.  While  the  cost  of  thrashing  from  the  stack  is 
generally  1  or  2  cents  a  bushel  more,  many  farmers  prefer  to  stack 
on  account  of  the  better  color  and  quality  of  the  grain.  A  thrashing 
scene  in  Minnesota  is  shown  in  figure  16. 

Thrashing. — If  the  grain  stands  in  the  shock  for  some  time,  the  cap 
sheaves  often  become  discolored  from  rains  or  heavy  dews.  If  these 
are  thrashed  with  the  bundles  which  have  been  protected,  the  dis- 
colored kernels  will  be  mixed  with  the  brighter  grain  and  the  market 
value  of  the  Avhole  lessened.  If  the  cap  sheaves  are  thrashed  sep- 
arately the  discolored  grain  may  be  kept  for  feeding  on  the  farm,  as 
color  does  not  materially  affect  the  feeding  value;  but  when  barley 
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is  long  exposed  to  the  weather  some  loss  is  occttsioned  by  the  leach- 
ing out  of  some  of  the  sohible  const itueiits  of  the  grain. 

Care  siiouKI  be  used  in  tlirashiiig.  If  the  concaves  are  set  too  close 
many  grains  will  be  cracked  or  broken  and  the  awns  will  be  broken 
otf  too  close  to  the  grain,  thus  considerably  reducing  its  viability 
and  market  value. 

STORING  THE  GRAIN. 

Barley  should  be  carefully  housed  after  thrashing,  as  it  rapidly 
absorbs  moisture  and  is  easily  influenced  by  changes  in  temperature. 
If  stored  in  damp  bins  it  becomes  musty,  and  as  odor  is  one  of  (he 
factors  which  influence  the  nuirket  value,  dampness  and  mustiness 
should  l>e  avoided.  Dampness  is  also  likely  to  injure  the  germination 
of  the  grain,  either  for  malting  or  for  seed.  When  barley  is  well 
cured  before  thrashing  and  is  stored  in  cool,  dry  bins,  it  passes 
through  the  sweating  process  and  remains  bright,  clean,  and  sweet. 
If  the  grain  becomes  damp  in  any  way  it  should  be  shoveled 


Kiii.   Itj.     Thrasllinj,'  Imrlcy  from  Ui»'  shock  in  .Miniu'suta. 

several  times  or  changed  to  another  bin  in  order  to  dry  it  thoroughly. 
A  prominent  grain  grower  in  Maryland  dries  damp  or  poorly  cured 
grain  by  forcing  a  current  of  air  through  it  from  the  bottom  of  the 
bin  by  means  of  a  fan  driven  by  a  small  engine.  The  fan  is  usually 
run  for  a  day  or  two,  but  after  the  current  is  established  the  fan  can 
l>e  stopjx»d.  This  method  avoids  the  necessity  of  rehandling  the 
grain  when  it  becomes  damp. 

VARIETY  TRIALS. 

RESULTS  OF   EXPERIMENTS   IN   DIFFERENT  STATES. 

Experiments  in  the  cultivation  of  barley  in  the  United  States  have 
been  conducted  for  many  years,  but  it  is  only  recently  that  definite 
results  have  been  obtained  or  accurate  data  collected.  Many  va- 
rieties are  now  grown  at  the  various  experiment  stations  and  farms, 
in  order  to  determine  those  best  adapted  to  the  different  localities. 
The  results  of  some  of  these  variety  trials  are  reported  in  the  fol- 
lowing pages. 
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TRIALS  IN  THE  EASTERN,  CENTRAL,  AND  SOUTHERN  STATES. 

Experiments  conducted  at  various  places  in  the  States  of  Xew 
York,  Pennsylvania,  Ohio,  Indiana,  and  Illinois  indicate  that  the  six- 
rowed  varieties  of  barley  are  the  most  profitable.  Definite .  results 
have  been  reported  in  only  a  few  instances.  In  Maryland,  Virginia, 
Kentucky,  and  Tennessee,  and  in  the  southern  portions  of  Ohio, 
Indiana,  and  Illinois  the  six-rowed  winter  barley  gives  excellent 
results. 

TRIALS   IN   THE   NORTH   CENTRAL   AND   PLAINS   STATES. 

Wisconsin. 

At  the  AYisconsin  station  a  large  number  of  varieties  of  barley  have 
been  tested.'  Of  late  years,  however,  only  four  pedigi-eed  six-rowed 
varieties  have  been  extensively  grown.  These  are  Oderbrucker,  Man- 
churia, Silver  King,  and  Golden  Queen,  which  rank  in  yield  in  the 
order  given.  The  average  yield  of  Oderbrucker  for  the  5-vear  pe- 
riod from  1905  to  1909  was  51.2  bushels;  of  Manchuria,  4G.2  bushels; 
of  Silver  King,  41.9  bushels ;  and  of  Golden  Queen,  32.3  bushels.  The 
average  number  of  days  required  to  mature  these  varieties  was  ninety- 
four,  and  the  average  weight  per  bushel  45  to  47  pounds.  Oder- 
brucker barley  has  been  extensively  distributed  throughout  the  State. 
Its  high  yielding  power  has  put  Wisconsin  in  the  front  rank  as  a  bar- 
ley-producing State. 

Minnesota. 

At  the  Minnesota  station  the  six-rowed  barleys  yield  best.  The 
average  of  the  10  best  six-rowed  varieties  in  1908  was  43.7  bushels, 
while  the  10  best  tAvo-rowed  averaged  but  36.3  bushels.  The  Man- 
churian  barleys  are  at  their  best  in  that  portion  of  the  State,  several 
'selections  yielding  45  to  50  bushels  per  acre.  Among  the  best  two- 
rowed  varieties  are  Frankish  Brewing  and  several  selections  of  Chev- 
alier, which  averaged  yields  of  37  to  41  bushels. 

North  Dakota. 

Table  VI  gives  the  average  yield  of  the  varieties  of  barley  grown 
at  the  North  Dakota  station  from  1902  to  1907,  with  the  average  num- 
ber of  days  each  required  to  mature.  The  1905  crop  is  not  included 
in  the  averages. 

Table  VI. — Average  yields  of  JO  varieties  of  barley  and  the  average  time  each 
required  to  mature  at  the  North  Dakota  station,  for  five  years,  1902,  1903, 
190.',,  1906,  and  1907. 


Name  of  variety. 

Group. 

Yield  per 
acre. 

Time  to 
mature. 

Name  of  variety. 

Group. 

Yield  per 
acre. 

Time  to 
mature. 

Russian 

Six-row. .. 

...do 

...do 

...do 

...do 

Bushels. 
42.7 
42.5 
.      40.0 
40.3 
38.3 

Days. 

84 
83 
84 
82 
84 

Great  Beardless.. 

Moravian 

Highland  Chief... 

Mansurv 

McEwahs 

Six-row... 

Two-row.. 

...do 

...do 

Hull-less.. 

Bushels. 
32.3 
40.4 
37.3 
37.0 
34.5 

Days. 
81 
85 
95 
94 
83 

Common 

Silver  King 

Manchuria 

Bamards 
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Fn>in  these  trials  it  appeui-s  that  there  is  little  difference  in  the 
yields  of  the  si.x-rowed  and  two-rowed  harlevs  in  ea.stern  North 
l)akota.  In  1!H)S,  however,  a  iiinnher  of  pedijrreed  two-rowiMJ  harloys 
weii^  sown,  which  considerably  outyieldcd  the  hest  si.x-rowcd  varieties. 
The  yiehls  were:  Ilanncheii,  (m  bushels;  Chevalier,  (W>  bushels: 
Primus,  (*»4.(>  bushels;  Ilaima,  tyV)  bushels;  l^iincess.  47. ^i  bushels;  with 
an  avera«ri*  of  ('>0  bushels  for  the  live  pedi«p-eed  varieties.  Russian, 
the  leading  six-rowed  barley  in  the  table,  yielded  ;VJ.7  bushels  to  the 
acre  in  li>08,  or  7.3  bu-iM-^-  i"-<  >1'm.  ti...  '^x  ...-Mr,,  r,.,.  .i.,.  ,..,.]\.r,.,...,\ 
two-rowed  varieties. 

Harlev  has  been  <;ri>\\ii  mi  me  iMi^cu'v,  .\,  i>.ii^.,  midmmikmi  -mce 
11)04.  in  a  ()-year  trial,  from  1J)()4  to  11)01),  a  two-rowed  variety  gave 
an  avera<!:e  yield  of  l\7A'2  bushels  to  the  acre,  :i.8:i  bushels  <;reater  than 
the  best  six-rowed  variety.  In  the  three  years  from  11K)7  to  11)01),  how- 
ever, there  was  little  diU'erence  in  yield  between  the  two-rowed  and  six- 
rowed  barleys.     The  Blue  Kibbon,  New  Moravian,  Manchuria  (Minn, 


me  oesi  or  mem  are  <2:roupe(i  in  laoie  >  ii,  acconiin*]:  lo  type  ana 
rank  in  yield.  The  avera<2:e  number  of  days  each  requiied  to  mature 
is  also  given.  In  this  li-year  test  the  two-rowed  varieties  yielded 
slightly  better  than  the  six-rowed.  The  highest  yielding  two-rowed 
variety  was  Black  Smyrna,  with  an  average  yield  of  40.9  bushels  to 
the  acre. 


Tarle  VII. — Annual  and  average  yields  of  JH  rarieties  o/  barley  and  ih 
age  time  each  required  to  mature  at  the  Edgeley,  .V.  Dak.,  substatun 
and  1909. 


CJroup. 

Iwo-row 

..do 

..do 

..do 

...do 

do 

do 

Six-row 

do 

do 

do 

do 

do 

do 

null-less.... 

do 

do 

...do 

Yield  per  acre  (btuhels). 

Days 
to  ma- 
ture. 

Name  of  variety. 

1908. 

1909. 

Aver- 
age. 

Black  Smyrna. . 
Snivrn:!   

40.80 
38.70 
32.40 
30.30 
30.30 
30.30 
28.20 
44.30 
31.70 

41.00 
41.00 
33.60 
41.40 
31.90 
:«).  10 
30.50 
33.60 
42.  KO 

40.90 
39.  M 

:;;{.(»<) 

:{.').  s.'i 
:u.iii 
;i(t.  2)1 

lis.  '.».-• 
:r.  L'.'. 
■M>. ::, 
'S2.  {>:, 

':\]'.:<\ 

2s.  u\ 
2t\.  ■>:, 

2.'"..  W) 
25.05 

92 
92 

97 

95 

95 

i'>  '.  ■  ,'".,''.     .............................                          ... 

97 

Sum  N<'rk ... 

n,W<.<:i 

97 
99 
95 

Mariout..     .                   

30. 30  1     43.  20 
35.90  i     30.00 
31.60       :«.90 
28.20       35.20 
25.40  1     32.50 
26.50       30.70 
21.40  1     .31.70 
20.80  1     31.00 
20.30  1    29.80 

92 

95 

96 
97 
93 
94 

93 

94 

Do 

94 

At  the  Dickinson  substation  the  two-rowed  barleys  far  outyielded 
the  six-rowed  type  in  1008  and  1909.  The  leading  varietie^s  in  this 
trial  were  the  Hannchen,  the  Swan  Neck,  and  the  Chevalier  II,  with 
average  yields  of  48.15,  42.13.  and  40.97  bushels  to  the  acre,  resi>ec- 
tively.  The  highest  yielding  variety  of  the  six-rowed  type  was  the 
Gat  ami,  with  an  average  yield  for  the  two  years  of  29.66  bushels. 
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The  average  for  Hanna  for  the  three  years  1907-1909  is  40.10  bushels 
to  the  acre;  Imperial,  34.36  bushels;  Gatami,  31.99  bushels;  Man- 
churia, 24.87  bushels.  The  yields  of  7  two-rowed  and  4  six-rowed 
varieties  for  the  years  1908  and  1909  are  shown  in  Table  VIII. 

Table  VIII. — Annual  and  average  yields  of  11  varieties  of  barley,  showing 
average  weights  per  bushel  and  the  average  time  required  to  mature  at  the 
Dickinson,  N.  Dak.,  substation,  1908  and  1909. 


■ 

Group. 

Yield  per  acre  (bushels). 

Pounds 

per 
bushel. 

Days  to 
mature. 

Name  of  variety. 

1908. 

1909. 

Aver- 
age. 

Two-row 

do 

do 

do 

37.50 
39.37 
36.15 
28.54 
32.71 
28.33 
29.27 
31.42 
22.08 
27.92 
17.66 

0  48.80 
44.90 
45.80 
39.89 
38.50 
40.40 
36.70 
27.90 
30.00 
30.20 
19.20 

43.15 
42.13 
40.97 
34.21 
35.  60 
34.36 
32.98 
29.66 
26.04 
29.06 
18.43 

52.25 
49.00 
51.50 
50.50 
50.00 
51.50 
51.75 
48.75 
48.25 
48.75 
62.25 

104 

Swan  Neck 

Chevalier  II : 

103 
107 
108 

Princess 

Imperial 

Primus                            .      

do 

do 

do 

109 
109 
106 

Gatami 

Six-row 

do 

103 

100 

Manchuria                                                     .   . 

do 

103 

Hull-less 

do 

105 

a  Average  of  three  check  plats. 

At  the  Williston  substation  a  number  of  varieties  of  barley  have 
been  grown  for  the  three  years  1908-1910,  on  land  which  had  not 
previously  been  cropped.  The  results  of  these  trials  are  shown  in 
Table  IX.  The  yields  in  1908  and  1910  were  low,  owing  to  lack  of 
moisture,  while  the  high  yields  of  1909  were  caused  by  favorable 
weather  conditions,  as  the  soil  and  its  preparation  were  similar  in 
all  three  years. 


Table  IX.- 


-The  annual  and  average  yields  of  13  varieties  of  barley  at  Williston, 
y.  Dak.,  substatiim,  for  1908,  1909,  and  1910. 


Name  of  variety. 

Group. 

Yield  per  acre  (bushels). 

1908. 

1909. 

1910. 

Aver- 
age. 

Manchuria  (Minnesota  No.  6) 

Six-row . . . 
do 

15.7 
18.2 
17.1 
12.0 
11.3 
14.3 
13.3 
13.7 

9.8 
10.0 

6.4 
10.6 
11.3 

57.0 
53.7 
52.1 
57.2 
57.8 
49.4 
53.5 
50.3 
51.3 
56.0 
56.0 
47.8 
46.0 

8.1 
6.1 
5.7 
4.7 
3.9 
6.7 
4.5 
3.8 
2.6 
3.9 
2.0 
2.4 
L2 

26.9 

Common 

26.0 

Bernard's 

do 

25.0 

Silver  King 

Russian 

Manchuria  (Minnesota  No.  105) 

...do 

...do 

...do 

...do 

24.6 
24.3 
23.4 
23.7 

Minnesota  No.  32  

Minnesota  No.  87 

...do 

...do 

22.6 
21.2 

Two-row. . 
do 

23.3 

Mansury                  

21.5 

Highland  Chief 

...do 

20.3 

.do 

19.5 

Table  IX  shows  that  of  the  varieties  tested  the  six-rowed  were 
superior  to  the  two-rowed.  The  highest  yielding  variety  in  the  3-year 
test  was  Manchuria,  a  six-rowed  variety,  with  an  average  yield  of  26.9 
bushels  to  the  acre  for  the  three  years.  Common  and  Bernard's,  both 
six-rowed  varieties,  ranked  second  and  third  in  this  test.  The  average 
yield  of  the  7  six-rowed  varieties  for  the  three  years  was  24.2  bushels, 
and  of  the  4  two-rowed  21.1  bushels. 
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South  Dakota. 

l;ii»M-  .\  i:i\»>  iin-  iiM-iai<ri»  yi(»l<ls  of  tli«-  >"•; 
^rown  at  (ho  South  Dakota  station  at  Hrookinp>  (luriii<r  tlio  five  veal's 
1!K)")  to  1JH)!>,  inchisivo.  Tho  raij*j^e  in  numlMT  of  (hiys  from  planting 
to  maturity  during;  tlu»  ptM'iod  is  also  givon.  The  hull-h'ss  barleys 
matured  from  two  to  si.x  (hiys  earlier  than  the  other  varieties  and  the 
six  rowed  from  four  to  six  davs  earlier  than  the  two-rowed  kinds. 


\        \vcragc  yield  /    barley,  and  the  time  required  to 

mature,  at  thr  South  Dakota  aiatitju  for  five  years,  1905-1909. 


G.  I.  No. 

Name  of  variety. 

Oroup. 

Average 

yield  per 

acre. 

Time  to 
mature. 

icr 

«"  >n  Neck 

ilicr 

Two-row. . 

...do 

...do 

...do 

Six-row... 

...do 

...do 

BuahelM. 
43.50 
41.21 
40.66 
30.55 
43.91 
40.54 
38.28 
38.22 
36.08 
28.07 
22.10 

9Si02 
96-105 
94-106 

170 

94-108 

OO-lOl 

( Minnesota  No. ».  .                                         

90-101 
90-101 

1S4 
33«i 
22 
335 

roinmon                                                                                 

(Jrei'ian...                                                                         

Hull-Icss  

Little  Blue  Hull-less 

...do 

...do 

...do 

...do 

90-99 
90-102 
88-101 
94-104 

In  the  trials  at  this  .station  there  has  been  little  difference  in  the 
yields  of  the  two-rowed  and  the  six-rowed  group.s.  The  highest 
average  yield  for  the  five  years,  48.1)1  bushels  to  the  acre,  was  ob- 
tained from  a  six-rowed  variety,  the  Odessa,  while  the  Sw^in  Neck, 
a  two- rowed  variety,  ranked  second  with  48.50  bushels.  Other  lead- 
ing two-rowed  varieties  were  Chevalier  and  Hanna,  while  Manchuria 
(Minnesota  No.  G)  ranked  next  to  Odessa  among  the  six-rowed  kinds. 

Table  XI  gives  the  o-year  and  T-year  average  yields  of  the  best 
varieties  of  barlev  at  the  Ilighmore  sub.station.  arranged  accordinL'' 
to  type  and  rank  in  yield. 

Table  XI. — Average  yield  of  10  varirtirs  of  barley  at  the  Jfighmore,  N.  Dak., 
siibxtation  for  periods  of  five  to  seven  years. 


O.L 

No. 

Name  of  variety. 

Group. 

Average  yield   per 
acre    for    period 
(bushels). 

Five        Seven 
years         yean 
(1905-         (1903- 
1909).     i     1909). 

531 

Hamichen          .                                                               

Two-row.. 
...do 

33.0               

27 

Bohemian 

:■;                   .'7.7 

530 

ChevaUer 

...do 

24 

Hanna 

...do 

-S.2 

203 
34 

..do 

...do 

32. 1               27. 1 

do                       

...do 

31.9               26.6 

32 

...do 

31.2               26.4 

31 
532 

nom 

Primus 

...do 

...do 

Six-row... 

29.0  24.6 

27.1    

Manchuria  (Minnesota  No.  6) 

28.3               26.5 

In  the  7-year  period  the  Manchuria  (Minnesota  No.  6)  six-rowed 
has  yielded  nearly  as  well  as  the  two-rowed  barleys.  In  the  r)-year 
average,  however,  the  two-rowed  barleys  considerably  outyielded  the 
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six-rowed.  The  Odessa  and  the  Manchuria  (Minnesota  No.  105), 
both  six-rowed  varieties,  which  have  been  grown  only  four  years,  have 
yiekled  less  than  the  Manchuria  (Minnesota  No.  G).  •  From  the  results 
obtained  during  the  seven  years'  trial  it  is  evident  that  the  two-rowed 
varieties  are  better  adapted  to  the  central  section  of  the  State  than  the 
six-rowed.  In  1909  the  length  of  the  ripening  period  ranged  from 
75  to  86  days,  the  Odessa  (six-roAved)  and  the  White  Smyrna  (two- 
rowed)  being  the  earliest  and  the  Princess  the  latest  in  ripening.  The 
weight  per  bushel  varied  from  41  pounds  for  the  Primus  and  Princess 
to  48  for  ^\Tiite  Smyrna.  Only  two  varieties  attained  the  legal 
weight,  48  pounds,  in  1909. 

The  results  obtained  in  the  variety  trials  of  barley  at  the  Belle- 
fourche  Experiment  Farm  in  1908  and  1909  are  given  in  Table  XIT 

Table  XII. — Annual  and  average  yields  and  tceight  per  bushel  of  9  varieties  of 
barley  at  tJie  Bellefourehe  Experiment  Farm,  190S  and  1909. 


G.I. 

Name  of  variety. 

Group. 

Yield  per  acre  (bushels). 

Pounds 

No. 

1908. 

1909. 

Average. 

bushel. 

643 

Six-row... 

...do 

...do 

26.0 

17.3 

19.8 
22.1 
23.8 
21.4 
22.1 
19.2 
9.6 
9.0 

21.7 

47  3 

Manchuria  (Minnesota  No.  6) 

Odessa 

45.5 

182 

51  5 

24 

Hanna.                       

Two-row . . 
...do 

29.0 
27.9 

26.4 
24.7 

51  5 

203 

do 

51  5 

530 

Chevalier 

do 

51  0 

531 

Hannchen 

...do 

51  0 

262 

Hull-less 

Hull-less., 
do 

16.3 
12.0 

13.0 
10.5 

61  0 

White  Hull-less. 

60.0 

The  highest  average  yield,  23.8  bushels,  was  obtained  from  a  two- 
rowed  variety,  the  Hanna.  While  trials  for  one  or  two  years  are 
insufficient  to  judge  the  relative  value,  the  indications  are  that  the 
tAvo-rowed  barleys  are  the  most  profitable  in  western  South  Dakota. 

Kansas. 

At  the  Kansas  (Manhattan)  station  Tennessee  Winter  barley 
leads  in  yield,  the  average  for  six  years  being  48.80  bushels  to  the 
acre.  Manchuria,  the  best  six-rowed  spring  barley,  gave  an  average 
yield  of  33.53  bushels,  which  is  15.3  bushels  less  than  that  of  Tennes- 
see Winter  for  the  same  period.  Table  XIII  shows  the  annual  and 
average  yields  of  7  varieties  grown  at  this  station  from  1904  to  1909. 


Table  XIII. — Annual  and  average  yields  of  7  varieties  of  barley 

Station,  190Jf-1909.<' 

at  the 

Kansas 

Name  of  variety. 

Yield  per  acre  (bushels). 

1904. 

1905. 

1906. 

1907. 

1908. 

1909. 

Average. 

Manchuria 

25.75 
30.46 
26.92 
28.27 
19.89 
27.43 
34.18 

38.74 
42.32 
46.  55 
35.22 
32.75 
42.89 
81.19 

12.71 
12.93 
16.39 
14.16 
14.40 
12.56 
66.90 

30.31 
32.94 
14.83 
20.57 
21.08 
29.23 
12.20 

45.77 
44.06 
42.89 
36.23 
37.03 
44.96 
32.69 

47.91 
36.22 
26.71 
39.69 
31.50 
35.53 
65.65 

33  53 

33.15 

29  05 

Success  Beardless  . . 

28  52 

Black 

26  11 

Bonanza 

32  10 

Tennessee  Winter 

48.80 

«  From  a  special  report  made  by  Prof.  A.  M.  Ten  Eyck  in  1909. 

At  the  McPherson  substation  the  4-year  average  from  1906  to  1909 
shows  that  the   six-roAved  spring  barleys  yielded  best.     Caucasian 
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rankod  lirsi  wnli  an  a\«'r:i;;«'  ni  ..<»..,  nii-nri-;  Uuc^sa  aim  "icni'ijc 
fi)llt)\v('il  with  *2S.J)  aiul  *JS..*)  bu.shels.  ri'sjM'ctively.  Tho  Iwsl  yifhliii^ 
two  rowtnl  harlov  wa.s  HIack  Sinvnia.  with  a  yiohl  of  '2'^^^  \n\<\\vU. 
Tho  wintiT  barlev.s  havo  not  given  as  »r<>o(l  results  at  this  station  as 
at  Manhattan.     'I'liey  ranked  Tower  than  the  two-rowed  harleys. 

TRIALS  IN  THE  ROCKY  MOUNTAIN  AND  PACIFIC  STATES. 


Montana. 

Table  XIV  gives  the  avera<i!:e  returns  from  ilie  dillertiit  Lnoup    of 
barley  in  a  2-year  test  at  the  Slontana  station. 

Tabi.k  XIV. — Averapr  yirldn  of  both  grain  and  strair  and  average  weight  per 
bimhel  of  the  different  groups  of  barley  in  a  J-ifcar  test  at  the  i/^.. •'-.....  -station. 


Number 

of 
varieties. 

Avenge  yield  per  acre. 

Days  to 

mature. 

119 
119 
117 

Pounds 

per 
bushel 

Group. 

Grain.a 

Tons  of 
&traw. 

BusheU. 

Pounds. 

3.408 
3.168 
2.496 

Hull-less                 

13 
13 

* 

50.8 
(Ui.O 
52.0 

1.69 
2.00 
1.64 

50  7 

Two-row 

Six-row 

48.3 

a  The  legal  weieht  of  hull-less  l>ariey  is  60  pounds  to  the  bushel,  while  that  of  the  hulled  type  Is  48 

For  this  reason,  the  average  vield  In  pounds  of  the  hull-less  varieties  in  this  t«st  wiw  greater 

than  that  of  the  two-rowed  hulled  varieties  though  the  hull-less  produced  the  smaller  numl>er  of  bushels. 


pounds. 


The  followin<r  conclusions  were  drawn  from  the  results  presented  in 
the  foregoing  table: 

(1)  The  largest  feeil  returns  are  obtained  from  the  hull-less  barleys 

(2)  The  two-row(Hl  varieties  gave  much  larger  yields  tlum  the  six-i«t\v»Hl. 

(3)  An  average  of  the  varieties  teste<l  shows  a  yield  of  I.LM;  iiounds  of  straw 
for  each  iKnind  of  grain  in  the  two-rowetl  and  l..*n  pounds  of  straw  for  each 
pound  of  grain  in  the  six-rowed.  In  the  hull-less  barleys  there  was  1  i)ouDd  of 
straw  to  each  pound  of  grain. 

The  results  ot  only  two  years,  1909  and  1910,  are  available  from 
the  recently  established  Judith  Basin  substation  at  Philbrook,  Mont. 
Table  XV  shows  the  yields  obtained  and  the  nnniber  of  days  required 
to  mature.  All  except  the  hull-less  varieties  were  .sown  at  the  rate 
of  4  pecks  per  acre;  of  these,  only  3  pecks  were  sown. 

Table  XV. — Average  yielda  of  8  varieties  of  barley  and  the  average  time  each 
required  to  nuiture  in  1U09  ami  lUlO,  also  the  weight  per  bushel  of  each  in 
1910,  at  the  Judith  Jiasin  substation. 


Group. 

Yield  per  acre  (bushels). 

POUIKIS 

per 

bmhpl. 

Days  to 

mtittire. 

Name  of  variety 

1909 

1910 

Aver- 
age 

Hanna 

Bohemian . 

M«ti<nrv                   

Two-row.. 

do 

do-. 

53.30 
48.50 
45.70 
45.20 
42.40 
43.80 
33.20 
32.  fO 

11.00 
11.20 
13.00 
9.80 
16.40 
13.  f  0 
12.10 
10  00 

32.15 
29.85 
29.35 
27.50 
29.40 
28.70 
22.  f  5 
21  30 

44 

4() 

94.5 
101.0 
94.5 

^'                     MniiiesolaNo.  106> 

Six-row 

Six-row  hull-less 

do 

do 

Two-row  huU-less 

44' 

50 

58 
58 
58 

99.6 
93.5 
95.0 
101.5 
95.0 

liiinalava  (Guv  Mayie) ..\[""..[". 
McEwan's  nulf-less 

The  highest  yield  to  the  acre,  32.15  bushels,  was  obtained  from  a 
two-rowed  variety,  the  Hanna:  but  the  White  Hull-less  and  the  Black 
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Hull-less  yielded  only  about  3  bushels  less,  and,  owing  to  their 
greater  weight  per  bushel,  actually  produced  a  greater  number  of 
pounds  of  grain  than  the  Hanna. 

Wyoming. 

At  the  Laramie  station  the  two-rowed  barleys  led  in  yield.  In 
1907  the  7  best  two-rowed  barleys  averaged  35.6  bushels  to  the  acre, 
and  the  7  best  six-rowed,  32.5  l^ushels.  .In  1909  the  3  best  two-rowed 
varieties,  Smyrna,  Swan  Neck,  and  Primus,  averaged  43.3  bushels 
of  53  pounds  in  weight,  while  the  best  six-rowed,  Gatami,  Frankish, 
and  Common  Six-rowed,  averaged  43.9  bushels  of  49  pounds  each. 
Two  six-rowed  hooded  hull-less  barleys  averaged  31  bushels  of  64 

pounds  each. 

Colorado. 

At  the  Akron  substation  in  eastern  Colorado  the  results  of  two 
years'  experiments  (1908  and  1909)  in  field  plats  show  little  differ- 
ence in  yield  between  the  two-rowed  and  six-rowed  barleys.  Cali- 
fornia Feed,  a  six-rowed  variety,  led  in  yield,  averaging  35.6  bushels, 
while  Hannchen,  the  best  two-rowed,  averaged  34.8  bushels. 

Utah. 

At  the  Nephi,  Utah,  substation  the  six-rowed  barleys  have  been 
most  successful.  The  average  yield  of  the  California  Prolific  barley 
for  the  7  years,  1904  to  1910,  was  19.86  bushels,  and  of  the  Common 
California  19.69  bushels.  The  average  yield  of  barley  for  two  years, 
1909  and  1910,  was  17.85  bushels  for  Utah  Winter  and  17.30  bushels 
for  Tennessee  Winter.  In  these  two  years  the  spring  barleys,  Cali- 
fornia Prolific  and  Common  California,  averaged  only  about  7  bushels 
to  the  acre. 

California. 

Table  XVI  gives  the  average  yields  of  barley  grown  on  the  experi- 
ment farm  at  Modesto,  Cal.,  1906  to  1909. 

Table  XVI. — Average  yields  of  5  varieties  of  barley  at  Modesto,  Gal.,  for  periods 
varying  from  two  to  four  years. 


Name  of  variety. 

Group. 

Years 
grown. 

Yield 
per  acre. 

Beldi '. 

Six-row... 
do 

2 
3 
3 
2 
4 

Bushels. 
22.75 

Common  

26  70 

Mariout 

do 

15.15 

Tennessee  Winter 

do 

25.65 

White  Smyrna 

Two-row.. 

24  54 

The  highest  yields  were  obtained  from  Common  California  and 
Tennessee  Winter,  six-rowed  varieties,  and  from  White  Smyrna, 
which  is  two-rowed.  The  yields  were  considerably  reduced  by  the 
depredations  of  squirrels  and  by  other  detrimental  factors.  In  1908 
White  Smyrna  yielded  65.02  bushels  and  Common,  55  bushels;  in 
1909  Tennessee  Winter  yielded  67.6  bushels.  The  average  yield  for 
the  State  is  26.5  bushels. 
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YIELD  OF  BARLEY  COMPARED  WITH  THAT  OF  OTHER  CEREALS. 

Oats  «rt>norally  ^ive  a  lar^ror  yield  than  harlcv  in  bushels  per  aci*e, 
hut  if  the  wei«rht  of  «;rain  produced  is  eoninared  it  will  Ik»  found 
that  barley  generally  jrives  the  best  returns.  Table  XVII  shows  that 
in  the  Tnited  States  barlev  produces  more  pounds  of  ^rain  to  the 
acre  than  any  of  the  other  important  cereals  excvpt  corn. 


Tahle  XVII. — AKeragv  yielda  of  com,  barley,  oat»,  irhvat,  and  r//< 
States  for  i^ch  of  four  lO-uear  periods,  1866  to  190it. 


ih  <l 


\  \  i-nige  yield  per  acre  (poun<i- 


I'oritKl. 

Corn. 

Barley. 

Data. 

Wheat. 

Rye. 

ISftVlST.'i... 
IRTfr-lSM.... 
188tV-1895. .  . 
lS96-19a'i... 

1.461 
1.438 
1,310 
1.411 

1.099 
1.076 
1.084 
1.204 

899 
833 
819 
947 

714 
738 
762 
810 

452 

Average 

1,405 

1,115 

874 

756 

477 

For  the  10-year  period  from  1000  to  1009  barley  gave  an  average 
yield  of  25.7  bushels,  or  1,234  pounds,  of  grain  to  the  acre.  The 
average  yield  of  wheat  was  10.8  bushels,  or  G48  pounds,  per  acre;  of 
oats,  20.5  bushels,  or  044  pounds:  and  of  rye.  10.3  bushels,  or  577 
pounds.  These  figures  show  that  barley  produced  nearly  twice  as 
much  grain  as  wheat,  1.3  times  as  mucii  as  oats,  and  more  than  2.1 
times  as  much  as  rye.  The  average  yield  of  corn  of  the  10-year  period 
was  25.7  bushels,  the  same  as  barlev;  the  weight  of  grain  produced, 
however,  was  1,430,  or  205  pounds  per  acre  more  than  barley. 

The  average  yields  in  pounds  per  acre  of  the  different  grains  for 
eight  years  at  the  North  Dakota  station  were  as  follows:  Oats,  1.000 
pounds;  emmer,  1,040  pounds;  barley.  1.877  pounds;  durum  wheat, 
1,835  pounds;  common  wheat,  1,711  pounds. 

At  Dickinson,  N.  Dak.,  in  a  3-year  test,  from  1007  to  1000,  of  the 
comparative  quantity  of  grain  produced  per  acre  by  the  different 
cereals,  it  was  found  that  oats  ranked  highest,  producing  2,311 
pounds:  barley  came  next,  with  2.011  pounds:  emmer  third,  with 
1,803  pounds;  and  wheat  fourth,  with  1,871  pounds. 

Interesting  statistics  covering  a  period  of  20  years  have  l)een  col- 
lected in  Ontario,  giving  the  average  yields  in  bushels  and  pounds  per 
acre  of  the  grain  crops  grown  in  that  Province.  These  figures  are 
as  follows: 

Bjirley.  27.7  biishels:  or  1..TM)  jkuhkIs  ik^f  jure. 
Winter  wheat.  2f)M  bushels;  or  1,2:^(J  ikhiihIs  per  acre. 
Oats,  35..S  biiRhels;  or  1.217  ikhiikIs  i>er  nere. 
Spring  wlieat.  ir».0  bushels:  or  1>.''>4  |M»und8  i»er  acre. 
Rye,  1G.3  bushels:  or  913  iK)unds  i»er  acre. 

The  .standard  weight  per  bushel  of  oats  in  Canada  is  34  pounds, 
and  of  barley  48  pounits.  consequently  a  bushel  of  barley  weighs 
nearly  as  much  as  H  bushels  of  oats.  While  oats  averaged  8.1  bush- 
els more  per  acre  than  barley,  on  account  of  the  greater  weight  per 
bushel  the  barley  produced  113  pounds  more  grain.  Barle}^  pro- 
duced a  greater  weight  of  grain  per  acre  than  any  other  cereal. 
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SOWING  BARLEY  AND  OATS  TOGETHER  FOR  GRAIN. 

A  common  practice  in  some  sections  in  Canada  and  of  the  United 
States  is  to  sow  barley  and  oats  together  for  the  production  of  grain, 
as  increased  yields  are  usually  obtained.  This  mixed  grain  is,  of 
course,  not  readily  marketable,  but  is  used  for  feeding  on  the  farm 
where  it  is  produced.  Where  barley  and  oats  are  sown  together  it 
is  necessary  to  select  varieties  that  mature  about  the  same  time. 

As  a  result  of  two  years'  experiments  in  testing  19  different  grain 
mixtures  at  the  Ontario  Agricultural  College,  the  largest  yield  per 
acre  of  grain,  3,021  pounds,  was  produced  from  a  mixture  of  48 
pounds  of  Manchiiria  barley  and  34  pounds  of  Alaska  oats.  The 
next  highest  yield,  2,985  pounds,  was  from  a  mixture  of  48  pounds  of 
Manchuria  barley  and  34  pounds  of  Daubeney  oats.  Nearly  always 
more  than  half  of  the  crop  produced  was  barley.  In  a  mixture  of  1 
bushel  each  by  measure  of  Manchuria  barley  and  Banner  oats  sown 
together  it  was  found  that  the  crop  was  about  two-thirds  barley  and 
one-third  oats  in  weight.  A  mixture  of  48  pounds  of  Manchuria 
barley  and  60  pounds  of  Himalaya  (Guy  Mayle,  hull-less)  barley 
gave  a  yield  of  2,986  pounds. 

The  same  institution  has  conducted  experiments  for  a  number  of 
years  with  various  mixtures  of  oats  and  barley  in  order  to  find  the 
rate  of  seeding  Avhich  would  give  the  best  results.  The  lightest 
seeding  was  one-half  bushel  of  each  and  the  heaviest  1^  bushels  of 
€ach  by  weight.  The  trial  was  continued  for  six  years,  1899  to  1904, 
the  average  results  showing  that  the  greatest  number  of  pounds 
of  grain  per  acre  was  produced  from  a  mixture  of  1  bushel  of  oats 
(34  pounds)  and  1  bushel  of  barley  (48  pounds),  or  82  pounds  of 
the  mixture  to  the  acre.  In  1907  a  test  was  conducted  along  the  same 
line,  using  Manchuria  six-rowed  barley  with  Daubeney  oats  and 
Chevalier  two-rowed  barley  with  Siberian  oats.  In  1908  Canadian 
two-rowed  barley  was  used  instead  of  Chevalier.  Nine  different 
combinations  of  oats  and  barley  were  used,  varying  from  3  to  5 
pecks  of  each  grain.  The  highest  average  yield  of  grain  for  the' 
two  years,  2,566  pounds,  was  produced  from  the  seeding  of  4  pecks 
each  of  oats  and  barley,  a  close  second  being  2,537  pounds  from  3 
pecks  of  oats  and  5  pecks  of  barley.  Four  pecks  of  oats  and  5  pecks 
of  barley  produced  2,529  pounds  of  mixed  grain.  The  largest  average 
quantity  of  straw,  1.70  tons,  for  the  two  years  was  from  the  4  pecks 
of  oats  and  3  pecks  of  barley,  the  smallest  being  1.55  tons  from  5 
pecks  of  oats  and  4  pecks  of  barley. 

DISEASES  AFFECTING  BARLEY. 

Barley  is  subject  to  a  number  of  diseases,  of  which  the  most  in- 
jurious are  the  rusts  and  smuts.  Brief  descriptions  of  these  diseases, 
with  methods  of  treatment,  follow. 

Loose  smut  of  barley  {tlstilago  nuda)  is  a  fungous  parasite  that 
infects  the  plant  at  the  flowering  time  of  the  grain.  The  following 
year  the  plants  grown  from  seeds  matured  from  infected  flowers 
produce  smutted  heads.  Within  a  short  time  after  the  maturity  of 
the  spores  they  are  scattered  by  the  wind  and  only  the  bare  stem 
remains.     Figure  17,  Z>,  shows  heads  of  barley  affected  with  loose 
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smut.     The  disease  is  widely  prevalent,  in  some  l(x»alities  the  loss 
incunHMJ  bein^  from  2  to  10  \wv  (viit  (if  IIjo  ^'V^^]^.    The  disi'Msc  cmii  ho 

ionlrolh'd     hy    treat-  

in<r  the  stHMl  with  the 
inoditied  hot -water 
treatment  in'  conmv- 
tion  with  :>  ^•'«'d 
plat" 

Covered  >iinii  ol 
harlev  (Ustilugo 
honici)  infects  the 
plant  in  a  different 
manner.  The  spore 
iloes  not  enter  the 
seed,  but  simply  ad- 
heres to  it  and  is 
sown  with  it,  infect- 
in«:  the  youn":  plant 
just  after  the  <rernii- 
nation  of  the  seed. 
While  the  barley  is 
maturing  each  fjrain 
is  rej)laced  by  a  mass 
of  dark  spores.  The 
spores  are  then  scat- 
tereil  over  the  ^rain 
in  harvest  in fT  and 
thrashing.  Machin- 
ery, sacks,  and  bins 
which  contain  smut 
spores  are  frequent 
sources  of  infection. 
Figure  17,  ^1,  shows 
heads  of  barley  in 
which  the  grains  are 
replaced  by  masses  of 
spores  of  this  smut. 
Treating  the  seed  for 
oO  minutes  with  a  so- 
hition  of  1  pound  of 
formalin  *  to  40  gal- 
lons of  water  will  aid 
in  preventing  it. 

Barley  is  subject 
to  both  leaf  rust 
( Purrin  ia  sim  pJex ) 
and  stem  rust  (Pur- 
cinia  graminis  hordei).  The  first  stage  of  these  disea>cs  is  callrd 
the  "  red-rust  stage  "  and  may  be  recognized  by  the  reddish-brown 

«A  detailcHl  description  of  the  hot-water  method  of  treatment  for  loose  smut 
of  barley  is  jriven  in  Bulletin  152.  Rureau  of  Plant  Industry,  U.  S.  Dept.  of 
Agriculture.  1909. 

^A  more  complete  description  of  the  formalin  ami  nth«.r  fro-itnuMifs  for 
coveretl  smut  of  barley  is  given  in  Farmers'  Bulletin  25(' 
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Fig.   17. — The  covorod  and  loose  smuts  of  barley:  A,  Cov- 
ered  smut,    In   wliirh    the   kcrnri    Is   rrplnrcd   l)y   nv---- 
of  8|)ores ;   in  the   left-hand   hoad  the  awns  are  !• 
in   siz'' :    \i\    th«»   n-nlrr   head    tho   Kpik<-li-t«   nrc   di 

and  tl)e  awns  nearly  destroyecl ;  the  rl'^'*  ' '  *• 

that  of  a  head  of  hood«'d  harl«'y,  showln. 
niassf'8.      Th«'se    are   broken    apart    and 

jrrain    In    thrashing;.      It,   Loose  snint.      In    mi--    i-.u 

entire  splkolrt  is  replaced  by  a  mass  of  spon's.  wlileh 
upon  maturity  are  scattered  l)y  the  wind,  icavinir  only 
the  bare  stems  as  evidence  of  tlie  dlscas*- 
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spots  on  the  stems  and  leaves.  The  spores  formed  in  these  spots 
are  scattered  b}^  the  wind  and  cause  infection  the  same  season. 
Cool,  dewy  nights  and  muggy  daj's  are  especially  favorable  to  the 
development  of  the  rust.  Later  in  the  season  black  elongated  spots 
can  be  seen  on  the  stems  and  bases  of  the  leaves.  These  contain  the 
spores  which  will  live  over  winter.  No  absolute  remedy  is  known. 
Burning  the  straw  and  stubble  of  badly  infected  fields  has  been 
recommended  as  a  preventive  against  rust  the  following  season. 
As  squirrel-tail  grass,  quack-grass,  and  slender  wheat-grass  are  sub- 
ject to  rust,  they  should  not  be  allowed  to  grow  in  or  near  grain  fields. 
The  selection  of  early-maturing  and  rust-resistant  varieties  of  barley 
and  the  use  of  well-drained  land  are  recommended. 

Ergot  (Claviceps  purpiwea)  is  not  common  on  barley,  but  is 
occasionally  found  in  the  Great  Plains  States.  It  is  due  to  a  para- 
site which  attacks  the  immature  grains  and  replaces  them  by  large 
black  or  purplish-black  masses.  These  fall  off  and  remain  in  the 
field  over  winter,  or  are  sown  with  the  grain,  and  from  them  come  the 
spore-producing  bodies  in  which  are  formed  the  spores  which  attack 
the  crop.  No  absolute  preventive  is  known.  It  is  desirable  to  sepa- 
rate the  black  masses  from  the  grain  by  screening  before  planting. 

Yellow-leaf  disease  of  barley  (Helminthosporhmi  graminum)^ 
while  not  common  in  all  parts  of  the  United  States,  has  caused  con- 
siderable damage  in  certain  portions.  Dr.  L.  H.  Pammel  described 
it  as  one  of  the  most  destructive  of  the  parasitic  diseases  affecting 
barley  in  Iowa.  Attacks  have  also  been  noted  in  the  Southern  and 
Central  States.  The  disease  may  be  identified  by  the  yellowing  and 
splitting  of  the  leaves  of  the  3'Oung  plant.  Frequently  the  entire 
plant  is  affected  and  may  be  killed  by  the  fungus.  A  close  inspection 
of  the  diseased  leaves  will  show  small  black  spots  which  contain  the 
spores.     No  remedy  is  known. 

Powdery  mildew  {Erysiphe  graminis)  sometimes  occurs  on  this 
croj^,  but  it  is  generally  not  severe  enough  to  cause  much  damage.  It 
is  easily  recognized  by  the  small,  cottony  masses  (mycelium)  on  the 
leaves.  This  disease  receives  its  nourishment  by  sending  its  sucker- 
like organs,  known  as  "  haustoria,"  into  the  outer  cells  of  the  leaf, 
causing  them  to  turn  brown.  It  is  spread  by  means  of  spores,  which 
generally  attack  the  basal  leaves  of  the  plant  first  and  are  most  in- 
jurious in  thickly  sown  grain  on  damp  ground.  Well-drained  fields 
suffer  least. 

INSECTS  INJURIOUS  TO  BARLEY. 

Insects  affecting  the  growing  crop. — Barley,  like  other  grain  crops,  is 
attacked  by  a  number  of  injurious  insects.  Among  those  which  attack 
the  growing  crop  is  the  spring  grain-aphis,^  or  "  green  bug"  {Toxop- 
tera  graminum).  During  the  season  of  1907  many  acres  of  barley 
in  Kansas,  Oklahoma,  and  Texas  Avere  ruined  by  it. 

The  Hessian  fly  ^  {Mayetiola  destructor)  is  so  well  known  that  no 
description  is  necessary.     A^Tiile  by  preference  it  attacks  wheat,  it  will 

'^  A  full  description  of  the  spring  jirain-apliis.  with  suggestions  for  its  control, 
is  given  in  Circular  93,  Bureau  of  Entomology,  T^.  S.  Dept.  of  Agriculture. 

^  INIethods  of  prevention  and  treatment  for  the  Hessian  fly  are  given  in  Circular 
70,  Bureau  of  Entomology,  U.  S.  Dept.  of  Agriculture. 
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also  brood  in  barley,  especially  in  looalities  whoix*  the  barley  is  planU'd 
earlier  than  the  wlieat. 

In  some  localities  the  chinch  bu;ir  "  {BUhhuh  leucopterus)  infests 
Imrloy  and  causes  considerable  daniagi\ 

Insects  attacking  the  stored  grain. — Anion^  the  injurious  insects 
which  attack  stoivd  *xvi\h\  are  the  An««:ou!nois  p»ain  moth  and  the 
various  iriain  booties  and  weevils.  Tho  prosonco  of  the  An^ouniois 
^rain  moth  can  be  noted  as  the  adults  lly  around  the  si»ed  room  or 
bin  when  the  ^jrain  is  disturbed.  The  moth  resembles  the  common 
clothes  moth.  The  larva  burrows  into  and  consumes  the  interior  of 
the  trrain,  leaving  onlv  the  outer  portion.  A  noor  stand  of  ^ain  is 
very  often  due  to  the  fact  that  the  ^erms  were  uotroyod  l)y  tho  larvie 
of  this  insect.  Tho  <j:rain  weevils  and  the  small.  olon<ratod.  reddish- 
brown  or  blackish  booties,  which  dillor  from  tho  woovils  in  not  havin*^ 
the  olontjated  snout,  also  dama<re  stored  <rniin,  osj)ocially  in  the  South. 
Fumi<ration  with  carbon  bisulphid  or  hydrocyanic-acid  <j^as  is  otl'ective 
in  keeping  all  these  insects  in  chock;  but  fumipition  should  not  be  un- 
dertaken without  a  thorough  knowledge  of  the  ni<'tl>"<i^  '»r  n-in.r  tl,,'M» 
chemicals,  for  lK)th  are  dang(»rous  to  handle.'' 

Seed  grain  (h\n  Ixv protected  from  both  insect.s  aim  >riimii  .»\  -hir- 
ing it  in  galvanizod-iron  bins  with  tight  lids,  or  in  tight  wcKxlon 
bins  inclosed  with  small-mesh  wire  netting.  Heforo  tlie  grain  is 
placed  in  the  bin  it  should  U*  fumigated  witli  cailxui  l)isulphid.  The 
fumes  should  not  l)e  inhaled,  and,  as  they  are  highly  inllammable, 
no  light  •^lioiild  I)e  brought  near  while  tho  chemical  is  being  used. 

IMPROVEMENT  OF  THE  CROP. 
STATEMENT   OF  METHODS. 

The  mean  yield  of  barley  in  the  United  States  for  ten  years,  1000 
to  1909,  was  25.7  bushels  to  the  acre.  The  lowest  annual  average 
yield  for  that  period  was  20.4  bushels,  in  1900;  and  the  highest,  29 
bushels,  in  1902.  Many  methods  of  improving  the  yield  and  (juality 
of  the  crop  are  practiced,  but  the  most  important  are  (1)  tho  intro- 
duction of  improved  seed  from  other  countries,  (2)  tho  improvement 
of  the  varieties  now  grown.  (8)  the  production  of  now  strains  by 
hybridization,  (4)  the  proper  selection  and  prepanition  of  tho  soil, 
and  (T))  the  use  of  the  best  methods  in  harvesting. 

THE  INTRODUCTION  AND  DISTRIBUTION  OF  PURE  SEED. 

Practically  all  the  pure  races  of  barley  now  grown  in  the  Ignited 
States  have  been  proauced  by  the  experiment  stations  or  int'^oduced 
by  the  Department  of  Agriculture.  These  pure  strains  have  proved 
their  superiority  whei'over  the  conditions  have  Ikhmi  favorable.  The 
Offices  of  Seed  and  Plant  Introduction  and  of  (irain  Investigations 
of  this  Department  are  giving  nmch  attention  to  the  improvement  of 
barley,  the  former  through  the  introduction   of  now   varieties,  the 

«  The  chinch  bug  is  discussed  in  Circular  113,  Bureau  of  Entomology,  U.  S. 
Dept.  of  Agriculture. 

*  Full  directions  for  fumigation  with  hydrocyanic-acid  gas  are  given  in  Cir- 
cular 112.  Bureau  of  Entomology,  U.  S.  I>ept.  of  Agriculture,  and  for  fumigation 
with  carbon  bisulphid  in  Farmers'  Bulletin  145. 
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latter  by  testing  a  large  number  of  varieties,  the  selection  of  those 
best  adapted  to  the  different  areas,  and  the  production  of  pure  strains. 
The  most  promising  of  the  introduced  varieties  are  the  Chevalier^ 
Hannchen,  Hanna,  Primus,  Swan  Neck,  Princess,  Odessa,  and  Gatami. 
Several  excellent  strains  of  winter  barley  have  been  developed.  The 
variety  known  as  Tennessee  Winter,  which  was  selected  at  the  Ten- 
nessee station,  has  been  widely  distributed  by  the  Department  of 
Agriculture  over  the  Southern  and  South-Central  States  with  excel- 
lent results.  In  many  localities  it  has  entirely  replaced  the  spring 
barleys.  Several  forms  of  winter  barley  without  awns  have  been 
produced  by  the  Office  of  Grain  Investigations,  which  will  no  doubt 
prove  of  considerable  value  when  fully  developed. 

THE  IMPROVEMENT   OF   EXISTING   VARIETIES. 

Means  of  selection. — The  varieties  of  barley  which  are  now  com- 
monly in  cultivation  in  the  United  States  can  be  improved  (1)  by  the 
mechanical  selection  of  the  seed  and  (2)  by  the  field  selection  of  the 
best  plants  or  heads. 

Mechanical  selection. — The  seed  is  a  vital  factor  in  the  production 
of  good  barley,  for  it  contains  the  germ  and  the  food  material  to 
start  either  a  strong  and  vigorous  plant  or  a  weak  and  puny  one.  If 
the  seed  is  small  and  shriveled  maximum  yields  can  not  be  expected. 
It  is  for  this  reason  that  the  farmer  is  urgently  advised  to  fan  and 
clean  his  seed  in  order  to  remove  the  Aveak  and  save  only  the  plump 
grain.  Experiments  have  shown  that  these  imperfectly  formed  seeds 
seldom  produce  plants  with  large,  well-developed  heads,  and  that 
these  plants  stool  less  than  those  produced  from  large,  plump  seeds. 
By  thoroughly  fanning  and  screening  the  seed  and  further  cleaning 
it  by  the  skimming  process  later  described,  the  imperfect  barley 
grains,  oat  and  weed  seeds  can  be  removed  and  only  the  plump  barley 
saved.  By  planting  only  the  plump  grain  the  stand  and  yield  Avill 
be  greatly  improved. 

An  excellent  method  by  which  light  and  diseased  grains  of  barley 
and  impurities  such  as  oats  and  weed  seeds  can  be  removed,  and  by 
which  the  grain  can  be  treated  for  smut  at  the  same  time,  is  as  fol- 
lows:" Make  a  formalin  solution  at  the  rate  of  1  pound  of  formalin 
to  40  gallons  of  water;  partly  fill  a  tub  with  this  solution  and  pour 
into  it  the  seed  to  be  treated.  Stir  the  seed  thoroughly  and  skim  off 
the  oats,  weed  seeds,  and  chaffy  grains  which  rise  to  the  surface.  The 
solution  should  then  be  drained  off  and  the  seed  dried  in  a  clean  place. 

Field  selection. — The  barley  crop  can  be  further  improved  by  the 
selection  of  the  best  plants  in  the  field.  In  all  fields  of  grain  indi- 
vidual plants  can  be  found  that  are  superior  to  the  rest,  either  in 
height  or  form  of  plant,  or  size  of  head  or  grain.  These  better 
individuals  should  be  selected  and  planted  separately  the  following 
season,  thus  establishing  pure  types  of  the  variety.  The  best  selec- 
tions should  then  be  increased  until  they  can  be  put  into  field  tests. 

Results  may  be  obtained  more  quickly  by  selecting  a  large  number 
of  the  best  heads  of  the  same  type  and  planting  them  together,  though 
the  chances  of  mixture  are  considerably  greater  and  the  variety  will 

"A  complete  description  of  this  method  of  cleaning  seed  barley  is  given  in 
Circular  62,  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agriculture. 
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not  1)0  as  i)uro  as  whon  only  onr  \\vin\  is  iis<m|.  By  sowing  the  ^niin 
jutuluced  hy  (he  si'leoteil  IkmuIs  (ho  followin*;  year  in  a  sei)ara(e  |)hi(. 
for  convenience  called  the  "  brooding  |)la(,''  the  jirrowor  can  readily 
rv  whether  they  come  trne  to  type.  If  the  weak  and  nndesiralde 
i'lants  and  those  that  do  not  come  true  to  tyix»  are  removed,  the  yield 
and  quality  of  the  variety  can  be  considerably  improved  within  a 
few  yo;n>. 

At  (ho  Kansas  station  Mansury,  Hcmanza.  and  Manchuria  barleys 
have  iH'on  si'locttnl  for  3  yoai*s,  1J)0T  to  1!)01),  and  the  average  yields 
increased  from  O.tiri  bushel  to  4.75  bushels  during;  that  time.  At  the 
Wisconsin,  Minnesota,  Tennessee,  and  many  other  stations  excellent 
I vsults  have  l)een  obtained  and  the  varieties  much  improved  by  care- 
tul  selection  of  the  sc(m1. 

SUMMARY. 

Barley  is  supposed  to  be  a  native  of  western  Asia,  where  wild 
forms  still  exist.  It  was  one  of  the  first  cereals  cultivated  for  food. 
T^arley  belongs  to  tl\e  gra.ss  famiK  n?-  CoMinin.:!'  mh.I  <(>  tlu'  <r,Mms: 
I  lordeum. 

There  are  two  groups  of  barle\.  im-  i  \%«.-h.\\«u  ;umi  im-  m\  luwin. 
I^irther  subdivisions  are  made  into  bearded  and  hooded  (beardless) 
vpes.  including  both  the  common  and  the  hiill-less  varieties  in  each 
ype. 

This  crop  was  introduced  into  Ajnei-ica  by  the  early  colonists. 
Improved  varieties  were  first  distributed  in  the  United  States  about 
1<S45.  Amon^  the  most  important  introductions  were  the  hooded 
lypes,  includmg  hull-less  forms.  In  recent  vears  a  number  of  val- 
uable varieties  liave  been  introduced  by  the  t)epartment  of  Agricul- 
ture from  Europe. 

The  greater  portion  of  the  crop  is  prochiced  in  the  States  of  Minne- 
sota, California,  AVisconsin,  North  Dakota,  and  South  Dakota. 

The  six-rowed  barley  is  most  widely  giown  in  the  Tiiited  States. 
The  best  yielding  varieties  are  Manchuria,  Oderbrucker.  Odessa^ 
(iatami,  and  California.  Among  the  best  of  the  two-rowed  varieties 
may  lx»  mentioned  Chevalier,  Hannchen,  Swan  Neck,  Kitzing,  and 
Hanna.  The  hooded  (beardless)  and  hull-less  barleys  yield  well  in 
the  semiarid  and  Rocky  Mountain  States.  In  the  Southern  and  Cen- 
tral States  the  winter  varieties  are  the  most  profitable  ones  to  grow. 

Barley  recpiires  a  well-drained,  porous  soil  for  its  l)est  development. 
Loamy  soils  give  the  best  yields. 

Barnyard  and  green  manures  should  lx»  plowed  under  for  some  time 
previous  to  planting  this  crop.  If  fertilizers  are  used,  they  should 
W  rich  in  pho^>i5hates. 

Barley  should  follow  corn,  potatoes,  or  other  cultivated  crops  in 
I  he  rotation.     It  is  an  excellent  nui*se  crop  for  legimies  and  gra.sses. 

In  preparing  the  soil  for  barley  it  should  Ik»  well  worked  and  free 
from  weeds. 

All  light  seed  and  impurities  should  be  removed  by  fanning  and 
(Teening  or  by  the  skimming  process. 

In  the  Northern  States  barley  is  sown  from  April  1  to  May  15, 
while  in  the  Central  States  .seeding  is  generally  done  from  March  15 
to  April  15.  In  the  Pacific  States  this  crop  is  sown  either  in  the 
winter  or  spring.     Winter  barley  in  the  Southern  States  is  usually 
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sown  from  September  15  to  October  15.  The  usual  rate  of  seeding  in 
humid  regions  is  2  bushels;  where  the  rainfall  is  slight,  best  results 
are  obtained  from  the  use  of  4  to  6  pecks.  Drilling  gives  better 
results  than  broadcast  seeding. 

In  the  semiarid  regions  harrowing  after  the  plants  come  up  is  often 
beneficial.  Considerable  barley  is  grown  under  irrigation  in  the 
Intermountain  States. 

To  obtain  the  best  quality  of  grain,  barley  should  be  cut  when  in 
the  hard-dough  stage.  Some  growers  prefer  to  cut  when  fully  ripe. 
The  grain  should  be  shocked  in  oblong  rather  than  in  round  shocks, 
as  the  oblong  shocks  allow  it  to  cure  better.  Where  there  are  no  high 
winds,  the  shocks  should  be  capped.  The  grain  is  of  much  better 
color  and  quality  if  the  crop  is  stacked  instead  of  being  allowed  to 
stand  in  the  shock  till  thrashing  time.  In  thrashing  barley  the  con- 
caA^es  should  not  be  set  too  close,  or  there  will  be  considerable  broken 
grain.  The  grain  should  be  carefully  housed  after  thrashing  to  pre- 
vent injury  from  moisture  and  insects. 

Barley  is  subject  to  both  loose  and  covered  smut.  Loose  smut  can 
be  controlled  by  the  modified  hot-Avater  treatment,  while  treating  the 
seed  with  formalin  will  destroy  the  covered  smut. 

The  growing  grain  is  sometimes  injured  by  the  "  green  bug,"  chinch 
bug,  and  Hessian  fly.  Rotation  of  crops,  and,  for  the  Hessian  fly, 
rotation  with  reasonably  late  seeding,  are  the  most  efficient  remedies. 
Insects  which  attack  barley  in  the  bin  can  be  kept  in  check  by  fumigat- 
ing with  hydrocyanic-acid  gas  or  carbon  bisulphid. 

Numerous  tests  of  varieties  of  barley  have  been  made  at  the  various 
State  agricultural  experiment  stations.  Oderbrucker,  a  six-rowed 
variety,  produced  the  highest  yield  at  the  Wisconsin  station.  At  the 
Minnesota  station  Manchuria  and  Russian  were  the  best  six-rowed 
varieties ;  Hannchen,  Chevalier,  and  Primus  are  the  best  two-rowed. 
At  the  Xorth  Dakota  station  Russian  was  the  best  six-rowed  barley 
and  Moravian  the  best  two-rowed.  At  the  Edgeley  and  Dickinson 
substations  the  two-rowed  varieties  led  in  yield,  while  at  Williston 
the  six-rowed  were  best.  The  best  six-rowed  barley  yielded  slightly 
more  than  the  best  two-rowed  at  the  South  Dakota  station.  At  the 
Highmore  substation  and  the  Bellefourche  Experiment  Farm  the  two- 
rowed  varieties  yielded  best.  At  Manhattan,  Kans.,  Tennessee  Win- 
ter barley  led  in  yield  and  Manchuria  was  the  best  spring  variety.  At 
McPherson,  Kans.,  the  six-rowed  spring  varieties  yielded  best.  At  the 
Montana  station  the  largest  feed  returns  were  obtained  from  the  hull- 
less  varieties.  The  two-rowed  barleys  were  superior  to  the  six-rowed 
at  the  Wyoming  station.  At  Akron,  Colo.,  and  Modesto,  Cal.,  these 
two  groups  differed  little  in  yield.  At  Nephi,  Utah,  the  six-rowed 
barleys  are  the  most  profitable. 

In  order  to  prevent  its  running  out  or  deteriorating,  the  seed  grain 
should  be  thoroughly  cleaned  and  graded  before  planting.  This  will 
insure  strong,  healthy  plants  and  a  good  quality  of  grain.  Where  no 
fanning  mill  is  available,  the  skimming  process  gives  excellent  results. 

A  small  breeding  plat,  in  which  is  planted  the  seed  from  selected 
heads  gathered  from  the  standing  grain,  will  enable  the  farmer  to 
improve  the  yield  and  quality  of  his  crop. 
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"  Remedies  and  Preventives  against  Mosquitoes,"  which  is  largely  a 
condensation  of  the  most  important  of  the  matter  contained  in  Bul- 
letin No.  88  of  the  Bureau  of  Entomology.    The  bulletin  in  question 
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even  less  importance,  upon  which,  nevertheless,  an  expression  of  the 
judgment  of  the  Bureau  was  thought  desirable.     I  recommend  the 
publication  of  this  paper  as  a  Farmers'  Bulletin. 
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L.  O.  Howard, 
Entomologist  and  Chief  of  Bureau, 
Hon.  James  Wilson, 
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REMEDIES  AND  PREVENTIVES  AGAINST  MOSQUITOES. 


INTRODUCTION. 

Since  tlic  discovery  that  mosquitoes  are  not  only  nuisances,  but 
are  also  conveyers  of  malaria,  3'ellow  fever,  filariasis,  and  dengue 
fever,  a  great  deal  of  remedial  work  has  been  done  by  individuals 
and  conununities.  Many  remedies  and  plans  of  action  have  ham 
tested  on  a  larire  scale,  and  what  follows  is  a  summary  of  the  results. 

PROTECTION  FROM  BITES. 

PROTECTIVE  LIQUIDS. 

Spirits  of  camphor  rul)l)ed  uj)on  the  face  and  hands  or  a  few 
drops  «n  the  pillow  at  night  will  keep  mosquitoes  away  for  a  time, 
and  this  is  also  a  well-known  property  of  oil  of  pennyroyal.  Neither 
of  these  substances  is  durable;  that  is  to  say,  a  .single  application  will 
not  last  through  the  night.  Oil  of  peppermint,  lemon  juice,  and 
vinegar  have  all  been  recommended,  while  oil  of  tar  has  been  used 
in  regions  where  mosquitoes  are  especially  abundant.  Oil  of  citron- 
ella  is  one  of  the  best  substances  to  be  used  in  this  way.  The  odor 
is  objectionable  to  some  people,  but  not  to  many,  and  it  is  efficient 
in  keeping  away  mosquitoe.s  for  several  hours.  The  best  mixture 
tried  by  the  writer  was  sent  to  him  by  Mr.  C.  A.  Nash,  of  New  York, 
and  is  as  follows: 

Oil  of  citronella 1  ounce 

Spirits  of  camphor 1  oimco 

Oil  of  cedar 1  . 

Ordinarily  a  few  dro|)s  on  a  bath  towel  hung  over  the  head  of  the 
bed  will  keep  the  common  hou.se  mosquitoes  away.  A^Hiere  they  are 
very  abundant  and  persistent  a  few  drops  rubbed  on  the  face  and 
hands  will  suffice.  Even  this  mixture,  however,  lo.ses  its  efficacy 
toward  the  close  of  a  long  night.  It  is  the  habit  of  the  yellow-fever 
mosquito,  Aedes  (Stegomyia)  calopus  Meig.,  to  begin  to  bite  at  day- 
light. By  that  time  the  average  person  is  sleeping  very  soundly,  and 
the  effects  of  the  mixture  will  usually  have  largely  pa.ssed  away.  It 
follows  that  in  the  Southern  States  where  this  mosquito  occurs  the.se 
protective  mixtures  are  not  supposed  to  be  as  effective  as  they  are  in 
the  Nortli      A-<  n   nmffpr  «»f  ^^^oi ,  liowovor.  fliis  last  mixture,  could 
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it  be  applied  shortl}^  before  dawn,  would  be  as  effective  as  under  other 
circumstances. 

A  mixture  recommended  by  Mr.  E.  H.  Gane,  of  New  York,  is  as 
follows : 

Castor  oil 1  ounce 

Alcohol 1  ounce 

Oil  of  lavender 1  ounce 

This  mixture  was  prepared  for  the  purpose  of  avoiding  the  odor 
of  the  oil  of  citronella. 

Oscar  Samostz, of  Austin, Tex., recommends  the  following  formula: 

Oil  of  citronella 1  ounce 

Liquid    vaseline 4  ounces 

This  mixture  greatly  retards  the  evaporation  of  the  oil  of  citron- 
ella. Mr.  B.  A.  Reynolds  has  used  successfully  in  New  Orleans 
20  minims  of  oil  of  citronella  to  the  ounce  of  vaseline  or  lanolin. 

A  5  per  cent  solution  of  sulphate  of  potash  has  been  recommended, 
as  also  the  oil  of  cassia.  Pure  kerosene  has  also  been  used  extensively 
in  the  Philippines. 

SCREENS  AND   CANOPIES. 

Such  obvious  measures  as  the  screening  of  houses,  the  use  of 
netting  for  beds,  and  the  wearing  of  veils  and  gloves  after  nightfall 
in  badly  infested  regions  need  no  detailed  consideration.  Screening 
of  houses  can  not  be  too  carefully  done,  and  adjustable,  folding,  or 
sliding  window  and  door  screens  seem  never  to  be  tight;  even  with 
well-fitted  screens  there  are  often  opportunities  for  mosquitoes  to 
enter;  constant  care  and  vigilance  alone  will  prevent  this.  In  cer- 
tain seasons  in  mosquito  regions  mosquitoes  will  attempt  to  make 
their  way  through  screens  and  are  often  able  to  do  so.  When  they 
are  very  numerous  wire  screens  should  be  painted  lightly  with 
kerosene  or  oil  of  citronella. 

With  bed  canopies  there  should  be  ample  material  to  admit  of  a 
perfect  folding  of  the  canopy  under  the  mattress,  and  the  greatest 
care  should  be  taken  to  keep  the  fabric  well  mended.  It  often  hap- 
pens in  mosquito  regions  that  little  care  is  taken  of  the  bed  nettings 
in  the  poorer  hotels,  and  it  is  necessary  for  perfect  protection  that 
a  traveler  in  the  Southern  States  should  carry  with  him  a  pocket 
'•  housewife "  and  should  carefully  examine  his  bed  netting  every 
night,  prepared  to  mend  all  tears  and  expanded  meshes.  Veils  and 
nettings  for  camping  in  the  Tropics  or  other  regions  where  mos- 
quitoes abound  are  absolutely  necessary.  Light  frames  are  made 
to  fit  helmetlike  over  the  head  and  are  covered  with  mosquito 
netting.     Similar  frames,  readily  folded  into  a  compact  form,  are 
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made  to  form  a  \hh\  t-ovorin^  at  ni^hl,  and  ovory  cuiiipin^  oullit  for 
work  in  tropical  or  malarial  regions  should  poasess  such  framework 
and  plenty  of  mosquito  netting  as  an  essential  part  of  the  outfit. 

The  size  of  the  mesh  in  mosquito  bars  and  window  screens  is 
important.  Twenty  meshes  to  the  inch  can  be  relied  iip.ni  ((»  keep 
mosquitoes  out,  but  15  to  the  inch  admits  some  of  them 

SCREENING  BREEDING  PLACES. 

Where  the  rain-water  supply  is  conserved  in  large  tanks,  as  in 
cities  in  the  Gulf  States,  screening  is  necessary  and  is  now  rather 
generally  enforced.  Rain-water  barrels  everywhere  should  be 
screened  in  the  same  way,  except  where  fish  are  used  to  kill  the 
early  stages  of  mosquitoes.  A  cheap  cover  for  a  water  barrel  can 
be  made  by  covering  a  large  iron  hoop  with  a  piece  of  stout  calico 
or  sacking,  free  from  holes,  in  such  a  manner  that  a  good  deal  of 
sag  is  left  in  the  material. 

SMUDGES  AND  FITMIGANTS. 

Anything  that  will  make  a  dense  smoke  will  drive  away  mosquitoes, 
and  various  smudges  are  used  by  campers.  For  household  use  a 
number  of  different  substances  have  been  tried. 

PYRETHRUM  POWDERS. 

Pyrethrum  powdei*s,  known  to  the  trade  as  Dalmatian  insect 
powder,  Persian  insect  powder,  buhach,  and  otherwise,  are  very 
effective  when  fresh  and  pure.  Pure  powders  are  the  finely  ground 
flower-heads  of  two  species  of  composite  plants  of  the  genus  Pyreth- 
rum. The  essential  principle  seems  to  be  a  volatile  oil  that  dis- 
appears with  age  and  exposure.  Many  powders  for  sale  in  the  drug 
stores  are  apparently  diluted  by  the  grinding  of  stems  as  well  as 
flower-heads  and  in  other  ways.  These  powders  are  not  so  effective 
as  pure  powders.  Pyrethrum  powders  are  usually  used  dry,  and  are 
puffed  or  blown  into  crevices  frequented  by  insects,  or  puffed  or 
blown  into  the  air  of  a  room  in  which  there  are  mosquitoes.  The 
burning  of  the  powder  in  a  room  at  night  is  common  practice.  The 
powder  is  heaped  up  in  a  little  pyramid  which  is  lighted  at  the  top 
and  burns  slowly,  giving  out  a  dense  and  pungent  smoke.  Often  the 
powder  is  moistened  and  molded  roughly  into  small  cones,  and  after 
drying  it  burns  readily  and  perhaps  with  less  waste  than  does  the  dry 
powder.  Mosquitoes  are  stupefied  by  the  smoke  and  fall  to  the  floor, 
where  they  may  be  swept  up  and  burned.  With  open  windows  and 
constant  currents  of  fresh  air  this  fumigation  is  not  especially  effec- 
tive, and  it  is  necessary,  for  protection,  to  sit  in  a  cloud  of  smoke. 
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The  powder  may  be  placed  upon  a  metal  screen  above  the  chimney  of 
a  kerosene  lamp,  with  the  result  that  the  vapor  of  the  volatile  oil  will 
be  dissipated.  This  is  said  to  be  very  effective.  It  is  economical  in 
powder,  and  the  odor  is  slight.  Another  method  of  burning  the 
powder  is  to  puff  it  from  an  insufflator  into  a  burning  gas  jet.  In 
New  Orleans  it  has  been  found  that  in  order  to  thoroughly  clear 
houses  of  mosquitoes  pyrethrum  must  be  burned  at  the  rate  of  nearly 
1  pound  of  powder  to  every  1,000  cubic  feet  of  space. 

MIMMS   CULICIDE. 

This  mixture  is  made  of  equal  parts  by  w^eight  of  carbolic  acid 
crystals  and  gum  camphor.  The  acid  crystals  are  melted  over  a 
gentle  heat  and  poured  slow^ly  over  the  gum,  resulting  in  the  absorp- 
tion of  the  camphor  and  a  final  clear,  somewhat  volatile  liquid  with 
an  agreeable  odor.  This  liquid  is  permanent,  and  may  be  kept  for 
some  time  in  tight  jars.  Volatilize  3  ounces  of  this  mixture  over  a 
lamp  of  some  kind  for  every  1,000  cubic  feet  of  space.  A  simple 
apparatus  for  doing  this  may  be  made  from  a  section  of  stovepipe 
cut  so  as  to  have  three  legs  and  an  outlet  for  draft,  an  alcohol  lamp 
beneath  and  a  flat-bottom  basin  on  top.  The  substance  is  inflam- 
mable, but  the  vapor  is  not  explosive.  The  vapor  is  not  dangerous 
to  human  life  except  when  very  dense,  but  it  produces  a  headache  if 
too  freely  breathed.  Rooms  to  be  fumigated  should  be  made  as 
nearly  air-tight  as  possible. 

SULPHUR  DIOXID. 

Burning  of  sulphur,  or  lump  sulphur,  in  a  small  pot,  at  the  rate 
of  2  pounds  of  sulphur  for  each  1,000  cubic  feet  of  space,  is  efficient 
against  mosquitoes  where  fumigation  in  the  case  of  possible  disease- 
bearing  mosquitoes  is  desired. 

OTHER  FUMIGANTS. 

According  to  Dr.  John  B.  Smith,  pow^dered  jimson  weed  {Datura 
straTnonium)  can  be  burned  to  advantage  in  houses.  He  recommends 
8  ounces  to  fumigate  1,000  cubic  feet  of  space.  He  states  that  it 
should  be  made  up  by  the  druggist  into  an  amount  with  niter  or  salt- 
peter 1  part  to  3  of  Datura,  so  as  to  burn  more  freely.  He  states  that 
the  fumes  are  not  poisonous  to  human  beings,  are  not  injurious  to 
fabrics  or  to  metals,  and  can  be  used  with  entire  safety.  He  sug- 
gests that  it  be  burned  in  a  tin  pan  or  on  a  shovel. 

The  burning  of  dried  orange  peel  has  been  recommended  as  a  de- 
terrent against  mosquitoes  by  a  Japanese  physician. 

444 


REMEDIES  AND   PHKVKN  IIVKS    AGAINST    MOSQUITOES.  9 

APPARATUS  FOR  CATCHING  ADULT  MOSQUITOES. 

An  interesting  honionmdo  apparatus  in  coinninn  uk*  in  many  parts 
of  the  l-nitcd  States  is  very  convenient  and  effective.  It  consists  of 
a  tin  cup  or  a  tin-can  cover  nailed  to  the  end  of  a  long  stick  in  such 
a  way  that  a  spoonful  or  so  of  kerosene  can  be  placed  in  the  cup, 
which  may  then,  by  means  of  the  stick,  Ik?  pressed  up  to  the  ceiling 
so  as  to  inclose  one  mosquito  after  another.  When  covered  over  in 
this  way  the  captured  mosquito  will  attempt  to  fly  and  be  caught  in 
the  kerosene.  By  this  method  perhaps  the  majority  of  the  mosquitoes 
in  a  given  bedroom — certainly  all  of  those  resting  on  the  ceiling — 
can  be  caught  l)efore  one  goes  to  l)ed. 

Mr.  H.  Maxwell-Lefroy,  of  India,  makes  a  trap  consisting  of  a 
wooden  box  lined  with  dark-green  baize  and  having  a  hinged  door. 
The  trap  is  12  inches  long,  12  inches  broad,  and  0  inches  deep.  A 
small  hole,  covered  by  a  revolving  piece  of  wood  or  metal,  was  pre- 
pared in  the  top  of  the  l>ox.  Owing  to  the  habit  of  mosquitoes  to 
seek  a  cool,  shady  place  in  which  to  rest,  such  as  a  dark  c/)rner  of  the 
room  or  a  book  shelf,  or  something  of  that  sort,  they  will  enter  the 
trap,  which  is  put  in  the  part  of  the  room  most  frequented  by  mos- 
quitoes, all  other  dark  places  being  rendered  uninhal)itahle  so  far  as 
possible.  They  are  driven  out  of  book  shelves  with  a  duster  or  with 
tobacco  smoke,  and  go  into  the  desirable  sleeping  place  for  the  day. 
The  door  is  then  closed  and  fastened,  and  into  the  small  hole  at  the 
top  of  the  box  a  teaspoonful  or  less  of  benzine  is  introduced.  This 
kills  all  of  the  mosquitoes  inside,  and  the  box  is  then  thoroughly  aired 
and  replaced.  In  this  way  !Mr.  Lefroy  is  very  successful  in  catch- 
ing mosquitoes.     At  one  time  he  averaged  83  a  day. 

REMEDIES  FOR  MOSQUITO  BIT^S. 

The  most  satisfactory  remedy  known  to  the  writer,  from  his  per- 
sonal experience,  has  been  moist  soap.  Wet  the  end  of  a  piece  of 
ordinary  toilet  soap  and  rub  it  gently  on  the  puncture,  and  the  irri- 
tation will  soon  pass  away.  Others  have  enthusiastically  recom- 
mended household  ammonia,  or  alcohol,  or  glycerin.  One  corre- 
spondent marks  the  puncture  with  a  lump  of  indigo:  another  with  one 
of  the  naphthaline  moth  balls;  another,  iodin.  Rev.  K.  W,  Ander- 
son, of  Wando,  S.  C,  states  that  he  has  found  that  by  holding  his 
hand  to  a  hot  lamp  chimney  the  irritation  of  mosquito  punctures  will 
be  relieved  instantly. 

ABOLITION  OF  BREEDING  PLACES. 

It  has  been  found  that,  taking  the  group  of  mosquitoes  as  a  whole, 
their  breeding  places  are  of  the  most  divei*se  character.  Some  species, 
however,  are  restricted  in  the  character  of  their  breeding  places. 
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Certain  forms,  for  example,  breed  only  in  tree  holes;  others  in  accu- 
mulations of  water  in  epiphytic  plants ;  another  species  breeds  only  in 
the  crabholes  on  sea  beaches.  Others  are  of  more  general  breeding 
habits  and  will  live  in  almost  any  chance  accumulation  of  water. 
Certain  species  breed  only  in  the  salt  marshes  and  may  lay  their 
eggs  on  mud,  and  most  others  lay  their  eggs  upon  the  surface  of 
water.  Certain  of  the  species,  especially  those  occurring  inland,  in 
the  more  northern  States,  seem  to  breed  only  in  the  pools  formed  by 
melting  snow,  and  as  these  occur  at  only  one  time  of  the  year  there 
is  but  one  generation,  and  the  eggs  are  laid  in  midsummer  or  later 
in  such  hollows  in  the  earth  as  will  be  filled  by  the  melting  snow  the 
ensuing  spring.  Another  species,  which  is  frequently  very  annoying 
in  certain  of  the  northern  States,  breeds  only  in  the  stems  of  certain 
aquatic  plants.  Still  another  breeds  in  the  pitchers  of  pitcher  plants 
(Sarracenia). 

Culex  pipiens  L.  in  the  North  and  Culex  quinquefasciatus  Say  and 
Aedes  (Stegomyia)  calopus  Meig.  in  the  South,  however,  breed  in 
every  chance  receptacle  of  water  about  residences,  and  their  destruc- 
tion means  the  abolition  or  treatment  of  all  such  receptacles. 

Where  the  rain-water  barrel  and  rain-water  tank  are  necessary  they 
should  be  screened.  About  a  given  house  the  waste  places  in  the 
immediate  vicinity  should  be  carefully  searched  for  tin  cans,  bottles, 
and  wooden  or  tin  boxes  in  which  water  can  accumulate  and  all  such 
receptacles  should  be  destroyed  or  carried  away.  The  roof  gutters 
of  every  building  should  be  carefully  examined  to  make  sure  that 
they  are  not  clogged  so  as  to  allow  the  water  to  accumulate.  Where 
the  branches  of  tall  trees  overhang  roofs  this  is  especially  likely  to 
occur  by  the  agency  of  falling  leaves  or  twigs.  The  chicken  pans  in 
the  poultry  yard,  the  water  in  the  troughs  for  domestic  animals,  the 
water  cup  of  the  grindstone  are  all  places  in  which  these  mosquitoes 
will  breed  and  water  should  not  be  allowed  to  stand  in  them  for 
more  than  a  day  or  so  at  a  time. 

In  the  South  the  water  accumulating  under  water  tanks  should  be 
treated  or  drained  away.  The  urns  in  the  cemeteries  in  New  Orleans 
have  been  found  to  breed  mosquitoes  abundantly.  The  holy-water 
fonts  in  churches,  especially  in  the  South,  have  been  found  to  breed 
mosquitoes  abundantly.  In  slightly  marshy  ground  a  favorite  breed- 
ing place  is  the  footprints  of  cattle  and  horses.  In  one  country 
village,  which  contained  many  small  vegetable  gardens  in  clay  soil, 
during  a  rainy  season  mosquitoes  were  found  breeding  abundantly 
in  the  water  accumulating  in  the  furrows  in  the  gardens. 

Even  in  the  house  these  mosquitoes  breed  in  many  places  where 
they  may  be  overlooked.  Where  the  water  in  flower  vases  is  not 
frequently   changed   mosquitoes   will   breed.      They   will   breed   in 
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water  piUlieis  in  unused  piest  ickmus.  They  will  breed  in  the  tanks 
in  the  water-closets  when  these  are  not  frtHjuently  in  use.  They  will 
bree<l  in  pipes  and  under  stationary  washstands  where  these  are  not 
frequently  in  use,  and  tliey  will  issue  from  the  sewer  traps  in  back 
yards  of  city  houses  during  dry  s|xjlls  in  the  summer  time  when 
the  sewers  have  not  recently  Ikh'u  flushed  by  heavy  rains.  In  ware- 
houses and  on  docks  they  breed  abundantly  in  the  fire  buckets  and  in 
water  barrels.  Of  course  such  places  as  these  can  not  l)e  alx)lished, 
but  should  he  treated  in  accordance  with  measures  indicated  in 
another  section  of  this  l)ulletin. 

In  country  houses  in  the  South,  wLvU  .u.t-  ..iv  lioublesonie,  ami 
where  it  is  the  custom  to  insulate  the  hgs)  of  tables  with  small  cups 
of  water,  mosquitoes  will  breed  in  these'cups  unless  a  small  quantity 
of  kerosene  is  pouivd  in.  Where  broken  l>ottles  ar<e  placed  upon  a 
stone  wall,  water  accumulates  in  the  bottle  fragmenis  after  rnins.  and 
mosquitoes  will  breed  there. 

Old,  disused  wells  in  gardens  are  frequcii"  -m.i  ,.>  w.  ..m,-,j,,iu> 
supply,  even  where  apparently  carefully  cxi^vti.'ed,  and  here  the 
nuisance  is  easily  abated  by  the  occasional  application  of  kerosene. 
The  same  thing  may  Ix?  said  of  cesspools.  Cesspcyjls  are  frequently 
covered  with  stone  and  cement,  but  the  slightest  break  in  the  cement, 
the  slightest  crack,  will  allow  the  entrance  of  these  minute  insects, 
and  unlimited  breeding  often  goes  on  in  these  pools  without  a  sus- 
picion of  the  cause  of  the  abundance  of  mosquitoes  in  the  neigh- 
borhood. 

Fountains  and  ornamental  ponds  are  frequent  breeding  places,  autl 
here  the  introduction  of  fish,  as  indicated  in  another  place,  is  usually 
all-sufficient.  It  frequently  happens,  however,  that  the  grass  is 
allowed  to  grow  down  into  the  edges  of  ornamental  ponds  and  mos- 
quito larva?  find  refuge  among  the  vegetation  and  so  escape  the  fish. 
Broad-leaved  water  plants  are  also  often  grown  in  such  ponds,  and 
where  these  broad  leaves  lie  flat  on  the  surface  of  the  water,  as  they 
frequently  do,  one  portion  of  a  given  leaf  may  be  submerged  so  that 
mosquito  larva?  may  breed  freely  in  the  water  above  the  submerged 
portion  of  the  leaf,  protected  from  the  fish  by  the  leaf  itself,  the  fish 
rising  from  below.  It  is  necessary,  therefore,  to  keep  the  edges  of 
such  ornamental  ponds  free  from  vegetation,  and  to  choose  aquatic 
plants  whose  growth  will  not  permit  of  mosquito-larva*  protection. 

In  these  latter  localities  not  only  the  house  mosquitoes,  previously 
mentioned,  or  the  rain-water  barrel  mosquitoes  will  be  found,  but  also 
some  of  the  other  forms,  and  particularly  the  malaria-breeding  mos- 
quitoes of  the  genus  ^Vnopheles.  Some  of  these  breed  in  all  sorts  of 
water  accumulations. 

444 


12  EEMEDIES  AND  PREVENTIVES  AGAINST  MOSQUITOES. 

In  many  small  country  towns,  even  where  there  is  a  water  supply, 
tanks  are  to  be  found  under  the  roofs  to  supply  bathrooms.  Such 
tanks  should  be  screened,  since  mosquitoes  gain  entrance  to  the  tank 
room,  either  through  dormer  windows  or  by  flying  up  through  the 
house  from  below,  in  search  of  places  to  lay  their  eggs. 

About  a  large  old  house  or  a  public  building  there  are  so  many 
of  these  chance  breeding  places  that  only  the  most  careful  and  long- 
continued  search  will  find  them  all.  As  an  example,  in  a  State 
hospital,  after  a  search  which  lasted  for  many  days,  and  after  a 
treatment  of  all  possible  breeding  places  found,  mosquitoes  still  con- 
tinued to  annoy  th^  patients.  Finally  in  the  darkest  part  of  a 
disused  cellar  was  .found  a  Ijalf-barrel  with  standing  water  in  it, 
which  was  giving  oat  mosq.uitoes  at  the  rate  of  hundreds  per  day. 
Frequent  change  of  water,  or  the  use  of  kerosene  will  render  all  such 
breeding  places  harmless. 

In  community  work  in  cities  all  of  the  points  mentioned  must  be 
borne  in  mind,  and  iri  the  portions  of  the  community  where  the  resi- 
dences are  for  the  niost  part  villas,  in  the  absence  of  swampy  suburbs 
the  householders  are  in  the  main  responsible  for  their  own  mosquitoes. 
There  are,  however,  breeding  places  for  wdiich  the  municipality  may 
be  said  to  be  responsible,  and  these  entirely  aside  from  public  foun- 
tains, reservoirs,  or  marshes.  Roadside  open  gutters  or  ditches  may 
breed  a  generation  of  any  one  of  several  species  of  mosquitoes,  includ- 
ing malarial  mosquitoes.  On  a  pasture  or  common,  where  sod  has 
been  removed,  Avater  accumulating  in  the  excavation  thus  formed 
may  breed  a  generation  of  malarial  mosquitoes.  All  such  accidental 
breeding  places  should  be  abolished  by  filling  in. 

It  seems  unlikely  that  in  any  general  sewage  system  mosquitoes 
may  breed  in  the  sewers  proper.  That  they  do  breed  in  the  catch 
basins  is  well  known.  The  purpose  of  the  catch  basin  is  to  catch  and 
retain  by  sedimentation  sand  and  refuse  which  would  otherwise  enter 
the  sewer  and  deposit  in  it.  It  is  intended  to  be  water  tight  and  to 
hold  a  considerable  body  of  water,  which  stands  in  it  up  to  the  level 
of  the  outlet  pipe.  Such  catch  basins  are  very  commonly  used  in  back 
yards  and  at  the  crossings  of  streets.  The  water  is  removed  only  by 
rain  or  when  the  street  or  yard  surfaces  are  washed.  In  dry  seasons 
the  period  of  stagnation  may  last  several  weeks,  certainly  long  enough 
for  mosquito  breeding.  As  a  matter  of  fact  mosquitoes  in  mid- 
summer do  breed  in  such  traps  or  catch  basins  by  millions.  These 
basins  may  be  treated  with  petroleum,  or  the  municipal  authorities 
may  flush  them  once  a  week,  carrying  away  such  larvae  as  may  have 
hatched.     Kerosene  treatment,  however,  is  best. 

Public  dumps  are  great  breeding  places,  because  here  accumulate 
old  bottles,  cans,  boxes,  bits  of  tin  or  iron  vessels,  and  other  objects 
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in  which  water  iimy  ucoumuhite  for  ii  time.  Even  a  very  small 
amount  of  water  will  make  a  hreodinp  place  for  very  many  mosqui- 
toes. It  is  quite  possible  for  a  half  of  a  beer  i)ottle  to  contain  enough 
water  to  give  out  literally  thousands  of  mosquitoes.  The  writer 
knows  of  one  instance  where  a  veritable  phi^ue  of  niosquit<H»s  was 
traced  to  a  case  of  empty  beer  bottles  allowed  to  remain  in  a  back  yard 
for  some  weeks  in  midsummer. 

There  is  a  possibility  that  under  certain  circumstances  moscpntm^s 
may  breed  in  water  accumulating  in  the  troughs  of  underground-con- 
duit electric  railways.  There  is  abundant  opportunity  for  water  to 
accumulate  in  these  troughs,  but  no  exact  observations  upon  mosquito 
breeding  in  such  situations  have  been  made. 

Search  carefully  for  all  such  places,  and  either  abolish  the  standing 
water  by  carting  away  chance  receptacles,  by  turning  over  vessels,  by 
filling  in  excavations,  or  by  treating  other  recept^icles  with  a  film  of 
kerosene,  or  by  introducing  fish  into  fountains  and  artificial  pools. 

DRAINAGE  MEASURES. 

Drainage  measures  really  form  a  part  of  the  consideration  of  the 
treatment  of  breeding  places.  The  drainage  of  swamp  areas  for 
Agricultural  or  industrial  reasons  needs  no  argument.  The  value  of 
reclaimed  swamp  land  for  various  purposes  is  well  known.  The 
drainage  of  swamp  areas  primarily  in  order  to  improve  sanitary 
conditions  and  to  reduce  the  scourge  of  mosquitoes  which  in  itself 
often  prevents  the  proper  development  of  nearby  regions  is  in  opera- 
tion and  needs  no  argument.  Drainage  on  a  small  scale  for  the  pur- 
pose of  doing  away  with  mosquitoes  has  been  practiced  for  a  long 
time,  and  in  many  parts  of  the  country  large-scale  drainage  with  mos- 
quito abolition  in  view  is  going  on,  notably  in  New  Jersey  and  in 
California.  Methods  of  draining  can  not  be  entered  into  in  this  bulle- 
tin, but  it  should  be  jwinted  out  that  in  case  of  salt-marsh  land  the 
operation  is  inexj^ensive,  and  results  of  great  value  have  been  reached 
both  in  California  and  in  Xew  Jersey. 

DESTRUCTION  OF  LARV^  BY  TREATMENT  OF  BREEDING  PLACES. 

Wliile  it  is  obviously  best  to  abolish  breeding  places  in  the  ways 
mentioned,  it  often  happens  that  it  is  not  possible  to  drain,  and  at 
least  as  a  temporary-  expedient  it  becomes  desirable  to  treat  the  water 
so  as  to  kill  the  mosquito  larva*.  Many  substances  have  been  tried, 
and,  aside  from  certain  proprietary  mixtures,  nothing  has  given  such 
good  residts  as  the  use  of  oils.  Efforts  to  find  oils  that  can  be  used 
to  better  advantage  than  petroleum  have  failed.     Common  kerosene 
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of  low  grade,  or  of  the  grade  known  as  fuel  oil,  is  the  most  satisfac- 
tory as  regards  efficiency  and  price. 

In  choosing  the  grade  of  oil  two  factors  are  to  be  considered :  First, 
it  should  spread  rapidly ;  second,  it  should  not  evaporate  too  quickly. 
The  heavier  grades  of  oil  will  not  spread  readily  over  the  surface  of 
the  water,  but  will  cling  together  in  spots  and  the  coating  will  be 
unnecessarily  thick.  The  rapidity  of  spread  of  the  film  is  also  im- 
portant. As  to  quantity,  under  still  conditions,  an  ounce  of  kerosene 
to  15  square  feet  of  surface  space  is  about  the  right  proportion,  and 
in  the  absence  of  wind  such  a  film  will  remain  persistent  for  10  days 
or  slightly  longer.  Even  after  the  iridescent  scum  apparently  dis- 
appears there  is  still  an  odor  of  kerosene  about  the  water.  In  a  wind 
the  film  of  kerosene  is  frequently  blown  to  one  side,  but  with  a  change 
will  go  back  again,  so  that  larvae  are  destroyed.  Not  only  are  larvae 
and  pupse  destroyed  by  the  kerosene  film,  but  many  adult  mosquitoes 
alighting  on  the  surface  of  the  water  to  drink  or  to  lay  their  eggs  are 
killed  by  it.  In  California,  Mr.  H.  J.  Quayle  has  used  a  combina- 
tion of  heavy  oil  of  18°  gravity  and  a  light  oil  of  34°  gravity,  in  the 
proportion  of  4  to  1,  respectively.  This  mixture  made  an  oil  that  was 
just  thin  enough  to  spray  well  from  an  ordinary  spray  nozzle  and  yet 
was  thick  enough  to  withstand  very  rapid  evaporation.  It  was  ap- 
plied by  a  barrel  pump  Avhere  this  could  be  used,  and  by  an  ordinary 
knapsack  pump  in  other  regions.  A  single  application  was  found  by 
Mr.  Quajde  to  be  effective  sometimes  up  to  four  weeks.  The  army  of 
occupation  in  Cuba  used  oil  every  two  weeks. 

The  use  of  a  spray  pump  has  been  mentioned.  Small  ponds  can  be 
sprinkled  out  of  an  ordinary  watering  pot  with  a  rose  nozzle,  or  for 
that  matter  pouring  it  out  of  a  dipper  or  cup  will  be  satisfactory. 
In  larger  ponds  pumps  with  a  straight  nozzle  may  be  used.  A  straight 
stream  will  sink  and  then  rise  and  spread  until  the  whole  surface  of 
the  pond  can  be  covered  without  waste.  The  English  workers  in 
Africa  advise  mopping  the  kerosene  upon  the  surface  of  the  water  by 
means  of  cloths  tied  to  the  end  of  a  long  stick  and  saturated  with 
kerosene. 

la  Panama  a  larvicide  is  being  used  which  is  made  as  follows :  150 
gallons  of  carbolic  acid  is  heated  in  a  tank  to  a  temperature  of  212° 
F.,  then  150  pounds  of  powdered  or  finely  broken  resin  is  poured  in. 
The  mixture  is  kept  at  a  temperature  of  212°  F.  Thirty  pounds  of 
caustic  soda  is  then  added  and  the  solution  is  kept  at  the  same 
temperature  until  a  perfectly  dark  emulsion  without  sediment  is 
formed.  The  mixture  is  thoroughl}^  stirred  from  the  time  the  resin 
is  used  until  the  end.  One  part  of  this  emulsion  to  10,000  parts 
of  water  is  said  to  kill  Anopheles  larvse  in  less  than  half  an  hour, 
while  1  part  to  5,000  parts  of  water  will  kill  them  in  from  5  to  10 
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minutes.  At  a  larvicide  plant  at  Ancon  4,000  gallons  of  this  mixture 
were  made  at  a  cost  of  $0.1410  per  *]^illon.  Althoup:h  this  mixture 
has  been  used  to  a  large  extent  in  Pananui,  crude  oil  was  also  used  for 
streams  having  a  fair  velocity. 

THE  PRACTICAL  USE  OF  NATURAL  ENEMIES  OF  MOSQUITOES. 

The  common  goldfish  and  silverfish  destroy  mosquito  larva*  and 
should  l>e  put  in  artificial  ponds.  Top-minnows  of  several  species 
have  been  introduced  successfully  in  several  localities  and  are  great 
feeders  upon  mosquito  larva?.  Certain  species  introduce<l  from  Texas 
into  Hawaii  have  been  successful;  and  a  small  top-minnow  of  the 
genus  Girardinus,  known  in  the  Barbados  as  "  millions,"  has  been 
carried  with  success  to  others  of  the  British  West  India  Islands.  In 
Rio  de  Janeiro  another  top-minnow  has  been  used  by  the  public 
health  service  for  placing  in  tanks  and  boxes  where  it  was  impossible 
to  use  petroleum. 

There  are  many  predatory  aquatic  insects  that  feed  upon  mosquito 
larva?;  othei's  that  catcli  the  adults.  Certain  birds  prey  upon  the 
adults,  and  they  are  also  eaten  by  bats.  An  experiment  is  being 
carried  on  near  San  Antonio,  Tex.,  in  which  a  bat  roost  has  been  con- 
structed with  the  dual  purpose  of  gathering  the  bats  to  kill  mosquitoes 
of  that  region  and  of  collecting  the  bat  guano. 

DETERRENT  TREES  AND  PLANTS. 

A  great  deal  has  been  published  concerning  the  properties  of  cer- 
tain growing  plants  which  are  said  to  keep  away  mosquitoes.  Among 
these  may  be  mentioned  several  species  of  Eucalyptus,  the  castor-oil 
])lant,  the  Chinaberry  tree,  and  others.  Although  the  evidence  in 
regard  to  these  plants  is  contradictory,  all  observations  made  by 
-cientific  men  in  different  parts  of  the  world  negative  their  value; 
claims  that  they  are  valuable  are  confined  to  people  who  have  not 
made  thoroughly  scientific  tests. 


[A  list  showing  the  titles  of  all  Farmers'  Bulletins  available  for 
distribution  will  be  sent  free  upon  application  to  a  Af''".lM»r  of 
Congress  or  to  the  Secretary  of  Agriculture.] 
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U.  S.  Dkpartment  of  Agriculture, 

Bi'RKAU  OF  Animal  Industry, 
Washmgton,  D.  C,  February  17,  1911. 
Sir:  I  have  the  honor  to  transmit  herewith  a  paper  on  "Marketing  ep^  through 
the  creamery,"  by  Mr.  Rob  R.  Siociim,  of  the  Animal  Husbandry  Divinion  of  this 
Bureau.  This  paper,  which  wa«  included  in  the  Twenty -sixth  Annual  Report  of  the 
Bureau,  presents  a  plan  for  marketing  eggs  while  they  are  fresh,  avoiding  the  heavy 
losses  which  occur  under  the  common  methods,  and  resulting  to  the  advantage  of 
both  producer  and  consumer.  I  respectfully  recommend  that  it  he  issued  in  the 
Farmers'  Bulletin  series. 

Respectfully,  A.  D.  Melvin, 

(Jhief  of  Bureau. 
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MArtKETTNG  EGGS  THROUGH  THE 
CREAMERY. 


During  the  fall  and  winter  months  it  is  the  current  opinion  among 
consumers  of  eggs,  when  they  are  compelled  to  pay  high  prices  for 
such  occasional  dozens  of  strictly  fresh  eggs  as  they  are  able  to  pro- 
cure, that  the  farmer  or  the  poultryman,  the  original  producer,  is 
receiving  a  high  price  for  his  product  as  it  leaves  his  hands.  This  is 
true  in  the  main  in  so  far  as  the  producer  is  concerned  who  is  so 
situated  that  he  can  either  retail  his  eggs  directly  or  place  them  in  the 
hands  of  a  dealer  or  retailer  who  can  dispose  of  them  within  a  short 
time  while  they  are  still  fresh.  In  so  far  as  the  general  farmers,  who 
produce  the  great  bulk  of  eggs,  are  concerned,  this  is  not  the  case. 
The  price  received  by  the  general  farmers  of  the  Middle  West,  of 
most  of  the  South,  and  of  many  other  localities,  while  varying  with 
the  season,  is,  during  a  considerable  portion  of  the  year,  often  much 
below  and  apparently  out  of  proportion  to  the  prices  paid  by  the 
consumer. 

The  reasons  for  this  lie  in  the  lack  of  care  given  the  eggs  and  in 
the  methods  of  handling  used  in  connection  with  the  present  system  of 
marketing,  and  not,  as  a  rule,  in  the  realization  of  an  undue  or  un- 
reasonable profit  by  the  egg  handlers  or  dealers. 

THE  USUAL  METHOD  OF  MARKETING  EGOS. 

At  the  present  time  the  common  method  of  marketing  eggs  in  the 
Middle  Wast  is  in  brief  as  follows:  The  farmer  gathers  his  eggs 
whenever  convenient,  sometimes  each  day,  sometimes  two  or  three 
times  a  week.  The  eggs  are  brought  to  the  house  and  kept  until  there 
is  a  sufficient  number  to  take  to  the  village  or  until  the  farmer  makes 
a  trip  to  the  village  for  some  other  purpose  and  takes  the  eggs  along. 
No  particular  attention  is  given  to  the  conditions  under  which  the 
Qggi^  are  kept  in  the  meantime.  The}'  may  be  put  in  a  pantry  or  cup- 
board of  the  kitchen  where  the  temperature  is  comparatively  high 
and  where  the  eggs  are  bound  to  undergo  considerable  deterioration 
in  quality  or  to  reach  a  more  or  less  advanced  stage  of  actual  spoiling. 
Even  in  those  cases  where  the  importance  of  a  low  temperature  may 
be  realized  and  an  effort  made  to  secure  this  by  placing  the  eggs  in  a 
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cellar,  there  is  likelihood  that  the  cellar  may  be  damp,  and  the  eggs 
in  consequence  become  moldy.  Likewise  no  particular  effort  is  made 
to  obtain  clean  eggs  by  proper  attention  to  the  nests  and  by  frequent 
gathering  or  to  separate  the  clean  from  the  soiled  eggs  when  taking 
them  to  market.  "V^Tienever  a  nest  of  eggs  is  discovered  in  the  weeds 
or  about  the  barn  they  are  usually  added  to  the  eggs  in  the  market 
basket  without  question  as  to  whether  they  are  partly  incubated. 

As  a  result  the  farmer  starts  for  town  with  a  basket  of  eggs,  part  of 
which  are  perfectly  fresh  and  wholesome,  part  of  them  dirty  or 
smeared,  and  part  of  them  shrunken  or  stale  or  even  partly  or  wholly 
spoiled.  These  eggs  the  farmer  takes  to  the  village  store  and  receives 
for  them  a  certain  price  per  dozen,  which  is  usually  given  in  trade. 
The  village  merchant  is  not  a  dealer  in  eggs  from  choice,  but  rather 
because  he  feels  it  necessary  to  take  the  eggs  in  order  to  keep  the 
trade  of  the  farmer.  If  he  does  not  take  the  eggs  he  fears  that  the 
farmer  will  offer  them  to  one  of  his  competitors  and  will  in  conse- 
quence be  likely  to  give  that  competitor  the  bulk  of  his  trade.  For 
the  same  reason  the  merchant  believes  that  he  must  accept  the  eggs 
as  the}^  run,  good  or  bad,  fresh  or  stale,  clean  or  dirty,  for  if  he  does 
not  his  competitors  will. 

The  merchant  holds  the  eggs  until  he  has  enough  to  make  a  ship- 
ment to  some  egg  dealer  or  shipper  from  whom  he  gets  regular  quo- 
tations. The  delay  here  may  be  anywhere  from  two  days  to  a  week, 
or  even  two  weeks.  Usually  the  conditions  attendant  upon  the  ship- 
ment of  these  eggs  up  to  the  time  they  reach  the  packing  house  are 
such  as  to  cause  a  still  further  deterioration  in  the  eggs.  After  they 
reach  the  packing  house  they  are  assembled  in  great  enough  numbers 
so  that  more  attention  and  care  is  given  their  handling,  and  although 
the  eggs  go  through  one  or  more  sets  of  hands  from  this  point  before 
they  are  placed  in  storage  or  reach  the  consumer,  the  deterioration 
which  they  undergo  is  usually  not  so  great  proportionately. 

For  more  detailed  information  regarding  the  complex  process  of 
marketing  eggs  the  reader  is  referred  to  Circular  140  of  the  Bureau 
of  Animal  Industry. 

The  result  of  this  common  and  almost  universal  method  of  market- 
ing eggs  is  that  when  the  eggs  leave  the  hands  of  the  country  mer- 
chant, and  still  more  when  they  reach  the  packer,  quite  a  large  pro- 
portion, varying  with  the  season  and  the  weather,  are  either  seri- 
ously deteriorated  or  are  wholly  bad.  It  is  usual  somewhere  during 
the  process  of  marketing,  after  the  eggs  have  left  the  hands  of  the 
country  merchant,  for  them  to  undergo  a  grading  process,  in  the 
course  of  which  the  bad  eggs  are  discarded  and  the  deteriorated  eggs 
are  separated  and  eventually  sold  for  a  less  price  than  they  would 
bring  were  they  of  first  quality.  Obviously,  the  man  who  buys  these 
eggs  "case  count,"  candles  them,  and  sells  the  graded  product  must 
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protect  himself  from  loss  as  a  result  of  the  eggs  thrown  out,  and  this 
he  tl(H»s  by  paying  a  lower  pri(V  per  dozen  for  the  eggs  he  buys  than 
he  would  were  the  eggs  all  good  or  reasonably  good.  As  a  result 
this  lower  quot-ation  must  be  passed  back  to  the  storekeeper  and 
eventually  to  the  fanner. 

The  averagi'  farmer  through  carelessness  and  lack  of  knowledge 
produces  indifferent  eggs;  the  method  of  buying  in  vogue  places  no 
premium  on  quality,  and  the  farmer  producing  clean  eggs  and  put- 
ling  them  in  the  hands  of  the  storekeeper  in  a  good,  fresh  condition 
realizes  no  more  for  them  than  does  the  careless  farmer,  one-quarter 
or  one-third  of  whose  eggs  may  be  bad.  The  subsequent  course  of  the 
eggs  to  the  market  and  to  the  table  of  the  consumer  usually  includes 
a  grading  process  for  the  purpose  of  culling  out  the  bad  and  de- 
teriorated eggs,  and  this  in  tuni  makes  necessary  a  reduction  in  the 
2)rice  which  can  be  paid  to  the  producer. 

To  correct  this  injustice  to  the  careful  farmer  and  to  place  a 
premium  on  the  production  of  good  eg^r^  and  their  subsequent  careful 
handling,  a  system  of  buying  is  necessary  which  bases  payment  on 
quality.  It  is  not  the  purpose  of  the  writer  to  enter  into  a  discussion 
of  the  general  problem  of  "  loss-off ''  buying  in  its  relation  to  the 
commercial  egg,  but  simply  to  describe  a  system  of  marketing  which 
is  in  successful  operation  and  which  seems  to  be  accomplishing  this 
result. 

HOW  EGGS  ARE  MARKETED  THROUGH  A  MINNESOTA  CREAMERY. 

The  marketing  of  eggs  in  this  particular  instance  is  accomplished 
through  a  creamery  in  the  northern  part  of  Minnesota.  Because  of 
the  fact  that  farmers  must  take  their  milk  or  cream  to  the  creamery 
at  frequent  and  regular  intervals,  it  is  an  agency  especially  well 
suited  to  obtaining  the  egg  in  a  fresh  condition  from  the  farmer.  As 
it  seems  that  there  must  be  other  creameries  so  situated  that  they 
could  readily  put  their  eggs  directly  in  the  hands  of  a  retailer  in  a 
fair-sized  city  with  only  a  short  shipment,  it  seems  well  to  describe 
in  detail  the  methods  used  in  this  case.  The  volume  of  eggs  handled 
in  this  way  would,  of  course,  probably  never  become  so  great  as  to 
make  them  a  factor  in  the  mass  of  eggs  now  handled  commercially. 

As  stated  before,  the  eggs  are  brought  by  the  farmer  directly  to 
the  creamery  when  bringing  his  milk.  While  this  particular  cream- 
ery is  privately  owmed,  it  is  essentially  cooperative,  in  that  its  owner 
and  manager  is  a  far-sighted  business  man  with  other  interests  in  the 
village,  and  he  sees  that  the  increased  agricultural  prosperity  of  the 
community  will  eventually  be  to  his  advantage.  In  consequence  he 
is  content  to  take  a  small  profit  for  himself  and  to  pay  the  farmers  as 
liberally  as  possible  for  both  their  cream  and  eggs.  Any  patron  of 
the  creamery  or  any  other  person  who  will  sign  a  required  agreement 
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may  market  his  eggs  in  this  way.  At  present  about  one  hundred  and 
thirty-five  farmers  are  taking  advantage  of  this  method  of  disposing 
of  their  eggs.  These  egg  patrons  are  scattered  over  quite  a  wide  ter- 
ritory, one  man  finding  it  to  his  advantage  to  drive  in  14  miles  with 
his  eggs. 

The  agreement  reads  as  follows : 

For  the  privilege  of  selling  eggs  to  the  creamery  company  and  getting  a 
market  established  for  guaranteed  fresh  eggs,  I,  the  undersigned,  hereby  pledge 
myself  to  comply  in  every  way  with  the  following  rules  : 

I  agree  to  deliver  eggs  at  the  creamery  that  will  not  be  to  exceed  8  days  old 
and  to  be  picked  in  (gathered)  twice  every  day. 

Eggs  to  be  of  uniform  size  (no  under  size  or  over  size  eggs). 

Eggs  to  be  clean  and  to  be  kept  in  a  cool,  dry  cellar. 

Brown  eggs  to  be  put  in  one  carton  and  white  in  another  and  so  marked. 

Each  egg  to  be  stamped  on  the  side  and  carton  to  be  stamped  on  the  top. 

I  agree  not  to  sell  any  eggs  that  I  have  marked  with  the  creamery  company's 
trade-mark  to  anyone  else  but  the  creamery  company,  and  to  return  stamps  and 
other  supplies  that  have  been  furnished,  in  case  I  should  decide  to  discontinue 
to  sell  eggs  to  the  creamery  company. 

It  is  readily  discernible  from  the  provisions  of  this  agreement  that 
the  aim  is  to  get  a  grade  of  uniform,  clean,  dependable  eggs,  of  rea- 
sonable freshness.  It  might  seem  that  requiring  delivery  once  in 
eight  days  would  not  be  frequent  enough,  but  the  nights  in  Minne- 
sota even  in  summer  are  said  to  be  usually  cool,  and  this  condition, 
together  with  the  gathering  twice  a  day  and  the  storage  in  dry,  cool 
cellars,  must  account  for  the  fact  that  no  complaints  have  been  re- 
ceived on  the  score  of  staleness. 

The  separation  of  the  brown  and  the  white  eggs  serves  two  pur- 
poses. First,  it  promotes  uniformity  and  greater  attractiveness  of 
appearance,  and  second,  it  encourages  the  keeping  of  the  breeds  of 
hens  which  lay  white  eggs,  because  the  owner  of  the  creamery  pays 
during  the  spring  months  1  cent  more  for  white  eggs  than  for  brown. 
The  creamery  owner  justified  this  action  by  the  statement  that  it  was 
his  belief  that  his  markets  would  pay  a  premium  for  white  eggs 
in  the  near  future,  and  that  he  wished  to  stimulate  the  keeping  of  one 
class  of  chickens,  so  as  to  insure  a  more  uniform  product. 

To  ever}^  person  signing  the  agreement  quoted  above  a  small 
rubber  stamp  is  given  for  use  in  stamping  the  eggs  and  the  container. 
This  stamp  plays  an  important  part  in  the  system  of  marketing.  It 
contains  the  name  of  the  creamery,  the  creamery  brand,  and  a  serial 
number  for  each  producer.  By  means  of  the  stamp  which  thus 
appears  on  each  egg  and  on  each  package  it  is  possible  to  trace  the 
product  back  to  the  individual  producer,  and  in  consequence  to  place 
the  blame  for  any  carelessness  or  poor  quality  where  it  belongs.  A 
repetition  of  any  offense  of  this  nature  may  be  sufficient  ground  for 
refusing  to  handle  the  eggs  of  that  particular  producer. 
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When  the  creamery  patron  signs  the  agiecment,  and  iit  such  times 
tliereafter  us  may  be  necessary,  he  is  furnished  with  a  supply  of  car- 
tons or  containers  in  addition  to  tlie  rubber  stamp.  These  cartons  are 
the  ordinary  one-dozen  size  pasteboard  egg  boxes  whidi  arc  so  shaped 
that  tliey  may  be  packed  in  a  regular  »iO-dozen  egg  case.  Tl".  ff.ll..\v- 
ing  guaranty  is  printed  on  the  top  of  the  carton: 


-    -        t.  n-iiiiu'i\v  i'oropany, 

Manufacturers    and    Dealers 

Ki.i,."^.     iu    iiKit.    PASTEURIZED    CREAM.    AM»     nh    »UI.\M 

—  Minnesota. 

NoiK.-  i-cus  m  I  Ills  pinkn^je.  If  tlu-y  have  our  trado-mnrk  on 
them,  are  guaranteed  to  be  strictly  fresh,  clean  and  full  size, 
and  if  ever  found  otherwise,  we  wish  vou  would  do  us  the  favor 
to  report  it,  giving  number  found  on  the  egg. 


Creamery  Company. 


The  farmer  takes  these  cartons  home,  and  as  the  eggs  are  gathered 
each  day,  the  clean,  good-sized  eggs  are  stamped  and  placed  in  them. 
When  a  carton  is  filled  it  is  stamped  on  ils  iip|)(>r  sldr  Jii<f  fli.'  ^;nne 
as  the  eggs. 

W^hen  the  farmer  comes  in  to  the  creamery  with  ins  milk  or  eieam 
he  brings  along  as  many  cartons  or  dozens  of  eggs  as  he  has.  The 
man  in  charge  of  the  creamery  takes  these  eggs,  examines  the  pack- 
ages, and  gives  the  farmer  a  check  for  the  eggs  delivered  that  day. 
The  cartons  are  then  packed  in  substantial  returnable  30-dozen  egg 
cases  and  shipped  to  market  by  express.  The  shipping  charges  are 
paid  by  the  consignee.  The  labor  and  cost  of  handling  the  eggs  at 
the  creamery  are  thus  reduced  to  a  minimum.  The  eggs  are  never 
candled,  reliance  being  placed  on  the  farmer  to  bring  in  good  eggs. 
The  cost  of  handling  the  eggs,  including  the  cost  of  the  carton,  which 
is  about  one-half  cent,  is  estimated  to  be  1  cent  a  dozen.  The 
farmer  in  turn  feels  bound  to  be  particular,  knowing  that  any  care- 
lessness can  be  traced  back  to  him  and  realizing  that  he  thus  jeopard- 
izes his  chances  of  continuing  to  di.spose  of  his  eggs  in  this  manner. 
This  he  can  not  well  afford  to  do,  as  will  be  shown  later  by  a  compari- 
son of  the  prices  received  for  eggs  marketed  through  the  creamery 
and  through  the  general  store. 

In  this  particular  case  the  creamery  happens  to  be  located  within 
easy  shipping  distance  of  Duluth.  Minn.,  and  this  city  was  chosen  as 
a  market  for  the  eggs.     One  of  the  best  grocerv  ^foTP^  \v?»^  nlipndy 
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handling  butter  made  by  the  creamery  and  was  in  consequence  glad 
to  take  the  eggs.  The  eggs,  therefore,  pass  through  only  one  dealer 
between  the  creamery  and  the  consumer.  These  eggs,  because  fresh, 
were  soon  in  great  demand  by  the  customers  of  this  store,  and  though 
sold  for  several  cents  a  dozen  more  than  other  eggs  handled,  were 
always  taken  in  preference.  It  is  interesting  to  note  that  during  the 
year  and  a  half  that  this  store  has  been  handling  the  eggs,  only  two 
complaints  have  been  made  as  to  their  quality.  It  is  also  significant 
of  the  recognition  of  their  quality  that  the  demand  for  them  has 
greatly  increased  and  that  persons  living  on  the  opposite  side  of  the 
city  make  special  trips  to  this  store  by  street  car  solely  for  the 
purpose  of  buying  some  of  these  eggs.  The  brand  which  is  placed 
on  the  eggs  and  on  the  cartons  has  become  strongly  associated  with 
quality  in  the  minds  of  the  consumers.  This  is  illustrated  by  the 
statement  of  the  storekeeper  that  two  cases  of  these  eggs  which  came 
in  unbranded  for  some  reason  or  other  were  disposed  of  as  eggs  from 
this  particular  creamery  only  after  a  good  deal  of  difficulty  and  on 
the  personal  guaranty  of  the  proprietor.  The  consumers  noticed  the 
absence  of  the  brands  and  demanded  eggs  so  stamped. 

ADVANTAGES  OF  THE  SYSTEM. 

Previous  to  the  inauguration  of  this  method  of  handling  the  eggs 
by  the  creamery  the  farmers  brought  their  eggs  to  the  general  store 
and  traded  them  for  merchandise  in  the  usual  manner.  When  the 
creamery  first  began  to  handle  eggs  this  innovation  was  looked  upon 
with  disfavor  by  the  merchants,  who  feared  that  they  would  lose 
some  trade  because  of  the  fact  that  the  farmers  received  cash  for  their 
product.  Gradually,  however,  these  merchants  have  come  to  realize 
that  as  this  method  oroaght  a  greater  return  to  the  community  for  its 
eggs,  it  helped  to  increase  the  general  prosperity  and  that  under  these 
circumstances  their  trade  improved  rather  than  degenerated.  In 
consequence  they  have  come  to  favor  the  step  heartily,  to  feel  a  pride 
in  it,  and  finally  to  feel  grateful  for  being  relieved  of  the  necessity 
of  handling  the  eggs. 

The  advantage  of  this  system  of  marketing,  to  the  farmers  or  pro- 
ducers, has  come  about  in  two  ways :  First,  it  has  increased  the  price 
paid  to  them  by  compelling  an  improvement  in  quality,  by  selling 
more  directly  to  the  consumer,  and  by  establishing  a  reputation  for 
the  eggs  sold  under  the  creamery  brand.  Second,  it  has  brought 
about  the  realization  that  poultry  raising  by  the  general  farmer  is 
profitable,  that  the  income  from  this  source  is  considerable,  and  that 
it  is  capable  of  increase  by  keeping  better  fowls  and  giving  them 
better  care. 

The  increase  in  price  which  the  farmer  is  realizing  for  his  eggs  as 
a  consequence  of  the  introduction  of  the  new  method  varies  with  the 
season.     During  the  spring,  when  eggs  are  plentiful  and  quite  uni- 

445 


MARKETING    EGGS   THKOUGH     iHl     .  UKAMKIIY. 


formly  good  in  qimlity,  tlu*  ditreivnce  is  small  and  d(M».s  not  amount 
to  over  1  or  2  cents.  From  this  time  on  the  difference  increases  until 
the  following  winter,  when  it  reaches  as  high  as  10  cents  or  more. 
During  the  month  of  December,  ll)Oi>,  wIhmi  this  creamery  was  visited, 
farmers  weiv  n^ceiving  40  cents  a  dozen  for  their  eggs  and  continued 
to  do  so  during  the  entire  month.  At  this  very  time,  as  determined 
by  personal  investigation,  farmers  in  a  village  of  a  near-by  portion 
of  the  State  were  receiving  25  cents  a  dozen.  There  was,  moreover, 
absolutely  no  expense  of  marketing  to  come  out  of  this  40  cents,  as 
even  the  cartons  in  which  the  eggs  were  packed  were  furnished  by  the 
creamery.  From  the  following  table  giving  the  average  price  paid 
by  the  creamery  by  months  during  1909  it  can  be  seen  that  the  return 
to  the  farmer  is  very  satisfactory,  and  far  better  than  that  received 
where  eggs  are  marketed  through  the  country  store  wlicn'  :i  bud  i^nn 
is  worth,  or  rather  brings,  as  much  as  a  good  egg: 

Average  price  paid  by  creamery  for  eggs  in  1909. 


Month. 


FebrtHoy. 


Jmie 

Jo!y 

August 

September. 
October — 
November . 
December. 


Number 
marketed. 


Doztnt. 
630 
1,329 
1,771 
2,060 
2,445 
1,725 


1,562 
507 

229 
810 


Average 

price  paid 

farmer. 


CefOt. 


35.6 
25.9 
19.0 
18.2 
19.8 
20.0 
22.7 
24.6 
2.5.1 
27.0 
37.4 
40.0 


In  this  particular  Minnesota  village  during  the  year  1907,  which 
was  just  previous  to  marketing  the  eggs  by  the  new  method,  the  eggs 
received  by  the  storekeepers  hardly  more  than  supplied  the  local 
demand.  In  fact,  during  the  whole  of  that  year  only  15  cases,  or 
450  dozen  eggs,  were  shipped  out  of  the  village.  During  the  year 
1909  nearly  $4,000  was  paid  out  by  the  creamery  for  eggs,  all  of 
which  were  shipped  awa3\  The  impetus  which  has  l>een  given  the 
poultry  business  during  the  short  time  this  metho<l  of  marketing  has 
been  practiced  may  be  judged  from  the  statement  of  the  proprietor  of 
the  creamery  that  from  present  indications  he  expertod  tbf  •••/"  ^>"-'- 
ness  to  double  or  treble  during  the  j^ear  1910. 

Along  with  this  increase  in  the  volume  of  Qgg  receipts,  which  indi- 
cates a  realization  of  the  profitableness  of  the  business  and  an  increase 
in  the  number  of  fowls  kept,  has  come  an  awakening  to  the  value  of 
better  stock  and  improved  methods.  It  is  noticeable  that  purebred 
poultry  is  being  introduced  and  is  replacing  the  old  flocks  of  mongrel 
fowls.     Poultr}^  papers  are  being  subscribed  for  and  publications  on 
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poultry  raising  are  in  demand.  New  and  better  hen  houses  are  be- 
ing built  and  systematic  attention  is  being  given  to  the  care  and 
feeding  of  the  fowls.  The  great  part  of  this  awakening  to  the  possi- 
bilities of  poultry  keeping  is  directly  traceable  to  the  method  of  mar- 
keting the  eggs  through  the  creamery  which  is  used  in  this  locality. 

SIMILAR  SYSTEMS   IN   OTHER  LOCALITIES. 

In  at  least  one  other  locality  in  Minnesota  a  very  similar  system  of 
egg  marketing  is  in  operation.  In  this  village,  however,  a  little  set- 
tlement of  Danes,  the  eggs  are  not  marketed  through  a  creamery,  but 
through  an  association  formed  solely  for  the  purpose  of  marketing 
eggs.  The  details  of  the  process  are  practically  identical,  and  it  is 
planned  to  handle  the  eggs  through  a  cooperative  creamery  which 
the  settlers  expect  to  start  in  the  near  future.  At  present  the  secre- 
tary of  the  association  attends  to  the  business  of  marketing  the  eggs 
without  compensation. 

In  still  another  locality  which  boasts  a  strong  cooperative  creamery 
it  is  the  intention  to  begin  handling  eggs  on  exactly  the  same  plan, 
except  probably  to  require  somewhat  more  frequent  delivery  of  eggs 
during  the  hot  summer  months.  Still  another  locality  intends  to 
accomplish  the  same  end  by  means  of  a  man  paid  to  handle  the  eggs 
and  attend  to  the  marketing.  In  this  case,  too,  the  details  of  the  col- 
lection and  delivery  of  the  eggs  by  the  farmers  will  be  almost  identical 
with  the  method  described  above,  except  that  the  eggs  will  not  go 
through  the  creamery. 

CONCLUSION. 

It  can  not  be  denied  that  in  the  particular  case  described  above, 
marketing  eggs  through  the  creamery  has  been  a  success.  It  has 
brought  about  carefulness  on  the  part  of  the  producer  and  a  most 
decided  improvement  in  the  quality  of  the  eggs.  It  has,  moreover^ 
provided  the  market  with  a  grade  of  good,  fresh  eggs,  which  are 
always  in  good  demand  and  which  at  present  are  almost  unobtainable 
at  certain  seasons  in  the  cities.  It  has,  in  doing  this,  prevented  a  con- 
siderable waste  and  loss  in  quality  which  is  normally  associated  with 
the  marketing  of  eggs  in  the  Middle  West,  and  has  increased  very 
materially  the  price  which  the  producer  receives.  It  would  appear, 
in  view  of  the  fact  that  tlie  creamery  seems  a  logical  and  natural 
agency  for  the  handling  of  eggs  to  good  advantage,  that  this  method, 
with  modifications,  is  adaptable  to  a  wide  range  of  conditions,  and 
that  many  creameries  could  well  afford  to  make  eggs  as  well  as  butter 
one  of  the  products  which  they  handle.  Wherever  this  method  is 
adopted  it  should  mean  a  most  acceptable  increase  in  the  price  re- 
ceived by  the  farmer  for  his  eggs,  and  this  without  any  increase  in 
cost  to  the  consumer. 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
Washington,  D.  C,  March  8, 1911, 
Sir:  I  have  the  honor  to  transmit  herewith  and  to  recommend  for 
publication  as  a  Farmers'  Bulletin  a  manuscript  entitled  "  The 
Choice  of  Crops  for  Alkali  Land,"  prepared  by  Mr.  Thomas  H. 
Kearney,  Physiologist  in  Charge  of  Alkali  and  Drought  Resistant 
Plant  Breeding  Investigations. 

The  information  here  presented  is  based  largelj^  upon  experi- 
mental work,  much  of  which  was  carried  on  in  cooperation  with  the 
Nebraska  Agricultural  Experiment  Station  at  the  North  Platte  sub- 
station. 

Respectfully,  Wm.  A.  Taylor, 

Acting  Chief  of  Bureau. 
Hon.  James  Wilson, 

Sect^etary  of  Agriculture, 
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THE  CIIOICF  OF  CROPS  FOR  AlKAM  1  AND. 


PURPOSE  OF  THE  BULLETIN. 

One  of  the  most  serious  obstacles  to  agriculture  in  the  arid  por- 
tion of  the  United  States  is  the  frequent  presence  in  the  soil  of 
alkali — an  excess  of  readily  soluble  siilts.  Irrigated  lanrl  that  has  a 
high  water  table  is  most  likely  to  suffer  from  this  cause 

The  history  of  agricultural  development  in  the  \\  e^i  contains 
numerous  instances  of  irrigation  projects  that  had  a  promising  be- 
ginning in  localities  where  land  values  have  subsequently  been  much 
impaired  by  the  rise  of  alkali.  It  has  been  estimated  that  one-tenth 
of  the  irrigated  land  in  the  western  United  States,  or  approximately 
850.000  acres,  contains  an  injurious  quantity  of  alkali  salts.  Some 
of  the  most  valuable  land  in  that  part  of  the  country,  adapted  at  the 
outset  to  the  best-paying  crops  and  situated  most  advantageously 
with  respect  to  towns  and  transportation  lines,  has  become  practi- 
cally useless  through  the  operation  of  this  cause. 

The  remed}'  unquestionably  is  to  get  rid  of  the  excess  of  salts 
wherever  possible  by  flooding  and  drainage.  But  it  often  happens 
that  there  are  obstacles  in  the  way  of  reclaiming  alkali  land.  The 
individual  farmer  may  not  Ixi  able  to  secure  an  outlet  for  his  waste 
water  until  a  cooperative  drainage  system  has  been  established  in  his 
neighborhood.  Climatic  conditions  or  the  distance  from  markets 
may  prevent  the  growing  of  sufficiently  profitable  crops  to  warrant 
the  cost  of  reclamation.  Even  where  reclamation  is  feasible  the 
process  often  requires  several  years,  and  meantime  both  the  land  and 
the  farmer's  pocketbook  will  benefit  if  some  crop  is  put  in  at  the 
earliest  stage  when  a  stand  can  be  secured.  Prolonged  flooding  with- 
out cropping  is  apt  to  impair  the  texture  of  the  soil,  especially  if  a 
heavy  one,  causing  it  to  become  puddled.  This  will  be  avoided  to 
some  extent  if  crops  are  grown  during  the  progress  of  reclamation. 

The  object  of  this  bulletin  is  to  bring  to  the  attention  of  owners 
of  alkali  land  the  crop  plants  which  are  most  likely  to  give  satis- 
factory results.     It  can  not  be  too  emphatically  stated  that  crop 

Note. — A  list  giving  the  titles  of  all  Farmers'  Bulletins  available  for  distribu- 
tion will  be  sent  free  upon  application  to  a  Member  of  Congress  or  the  Secretary 
of  Agriculture. 
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production  on  such  soils  is  at  best  precarious.  For  this  reason  and 
because  the  alkali  resistance  of  plants  depends  upon  many  varying 
conditions,  it  is  impossible  to  offer  more  than  suggestions  as  to  what 
crops  are  best  worth  trying.^ 

CHEMICAL  NATURE  OF  ALKALI. 

Alkali  consists  of  various  chemical  compounds  (salts)  which  are 
often  present  in  western  soils  in  sufficient  quantity  to  hinder  or  pre- 
vent the  growth  of  plants.  Most  of  these  salts  are  familiar  to  every- 
one from  their  medicinal  or  household  uses.  The  most  common  of 
these  substances  are  Glauber's  salt  (sodium  sulphate),  table  salt 
(sodium  chlorid),  and  baking  soda  (sodium  bicarbonate).  The  so- 
called  "  black  alkali  "  is  sal  soda,  or  washing  soda  (sodium  carbon- 
ate). Epsom  salts  (magnesium  sulphate)  is  also  an  important  in- 
gredient of  alkali  in  certain  localities.  All  of  these  salts  readily  dis- 
solve in  water.  Less  soluble  compounds  that  often  occur  in  alkali 
soils  are  the  carbonates  of  lime  and  magnesia  and  the  sulphate  of 
lime  (g^'^psum,  or  land  plaster). 

It  seldom,  if  ever,  happens  that  only  one  kind  of  salt  is  present. 
Alkali  is  almost  always  a  mixture  of  several  salts,  the  kinds  and  the 
proportions  in  which  they  are  mixed  differing  in  different  localities. 
But  often  some  one  salt  forms  the  bulk  of  the  alkali,  and  hence  we  can 
speak  of  "  sulphate  alkali "  where  Glauber's  salt  and  other  sulphates 
are  the  chief  ingredients,  of  "  chlorid  alkali  "  where  common  salt  is 
the  most  abundant,  and  of  "  black  alkali  "  where  a  considerable  quan- 
tity of  sodium  carbonate  occurs. 

In  many  irrigated  districts,  especially  in  those  situated  east  of  the 
Rocky  Mountains,  Glauber's  salt  (sodium  sulphate)  forms  the  bulk 
of  the  alkali.  But  in  some  of  the  largest  areas  of  alkali  land  in  the 
United  States  common  salt  (sodium  chlorid)  is  the  most  abundant 
compound  present.  Considerable  quantities  of  sodium  bicarbonate 
are  often  associated  with  both  the  sulphate  and  the  chlorid  types. 
The  areas  where  black  alkali  (sodium  carbonate)  predominates  are 
much  more  restricted. 

1  The  scope  of  this  paper  does  not  include  methods  of  reclamation  for  alliali  land. 
Problems  of  soil  management  are  discussed  only  incidentally  in  connection  with  the  dif- 
ferent crops.  For  information  upon  these  subjects  and  upon  the  chemistry  and  physics  of 
alkali,  the  reader  is  referred  to  other  publications  of  the  Department  of  Agriculture  and 
of  the  State  agricultural  experiment  stations,  notably  those  by  Prof.  E.  W,  Hilgard 
and  his  associates  of  the  California  Experiment  Station.  In  Bulletin  35  of  the  Bureau 
of  Soils,  entitled  "Alkali  Soils  of  the  United  States,"  by  Mr.  Clarence  W.  Dorsey,  brief 
summaries  are  given  of  the  most  important  previous  publications,  in  addition  to  a  general 
discussion  by  the  author.  In  Professor  Hilgard's  work  on  "  Soils,"  published  in  1906, 
the  subject  of  alkali  soils  is  treated  at  considerable  length  (pp.  422-484).  Methods  for 
the  reclamation  of  alkali  land  by  drainage  are  described  in  Farmers'  Bulletin  371,  en- 
titled "  Drainage  of  Irrigated  Lands,"  by  Charles  F.  Brown  ;  and  in  Bulletin  217,  Oflace  of 
Experiment  Stations,  entitled  "  Drainage  of  Irrigated  Lands  in  the  San  Joaquin  Valley, 
California,"  by  Samuel  Fortier  and  Victor  M.  Cone. 
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REASONS  FOR  THE  APPEARANCE  OF  ALKALI. 

Tlie  clmracteristic  alknli  salts  are  readily  soluble  in  water  and  when 
dissolved  move  upward  or  downward  as  the  soil  moisture  moves. 
Conditions  that  favor  evaporation  from  the  surface  of  the  soil  favor 
the  accumidation  of  alkali  at  or  near  the  surface,  while  a  rainfall  or 
an  irriofation  drives  the  salts  downward.  Alkali  is  rarely  found  in  the 
United  States  oast  of  the  ninety-fifth  meridian,  not  because  eastern 
soils  are  essentially  different  from  western  soils,  but  because  the 
heavier  rainfall  of  that  part  of  the  country  loaches  out  most  of  the 
soluble  matter  as  fast  as  it  is  formed  in  the  soil  and  carries  it  away 
in  the  country  drainage.  In  many  parts  of  the  Western  States  the 
rainfall  is  too  scanty  to  effect  this  leaching  and  the  salts  remain  in  the 
soil,  often  at  or  near  the  surface. 

In  land  that  has  never  been  irrigated,  the  presence  of  alkali  is 
seldom  apparent  except  in  low  spots  whore  water  accumulates  during 
rains  and  in  valley  bottoms  where  the  ground  water  table  is  close  to 
the  surface.  Yet  after  irrigation  has  begun  alkali  often  appears  at 
the  surface  of  land  which  previously  seemed  to  be  quite  free  from  it. 
In  such  case  the  salts  may  have  been  present  original!}^  in  lower 
depths  of  the  soil,  and  it  is  the  raising  of  the  water  table  resulting 
from  continued  irrigation  which  has  brought  them  into  connection 
with  the  moisture  of  the  upper  layers.  Evaporation  will  then  gradu- 
ally lift  the  alkali  to  the  surface  and  if  long  continued  will  cause  the 
formation  of  the  characteristic  white  crust  of  salts.  Or  it  may  be 
the  application  of  water  to  adjoining  higher  lands  which  has  filled 
the  lower-h'ing  areas  with  an  excess  of  salts,  the  surplus  water  having 
drained  off  into  the  valley  bottoms  and  carried  there  with  it  a  groat 
part  of  the  salts  originally  contained  in  the  upland  soils  from  which 
it  came.  Continued  irrigation  with  river  or  well  water  having  a 
high  salt  content  is  another  cause  of  land  becoming  impaired  through 
the  accumulation  of  alkali. 

In  districts  where  alkali  soils  occur,  the  fields  are  apt  to  have  a 
spotted  appearance,  due  to  the  accumulation  of  the  salts  in  more  or 
less  sharply  defined  areas,  outside  of  which  there  may  not  be  a  suffi- 
cient quantity  of  alkali  to  interfere  with  the  growth  of  crops.  The 
bare  spots  may  be  only  a  few  feet  in  diameter,  or  they  may  occupy 
several  acres.  This  local  accumulation  of  the  alkali  is  usually  due  to 
differences  in  level,  the  salts  accompanying  the  water  to  the  low  spots. 
Differences  in  soil  texture  also  play  a  part,  the  water  and  the  dis- 
solved salts  accumulating  where  the  soil  is  least  pervious  and  the 
drainage  is  poorest. 
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EFFECT  OF  ALKALI  UPON  PLANT  GROWTH. 

The  harmfulness  of  alkali  depends  not  only  upon  the  quantity  and 
the  kind  of  salts,  but  also  upon  the  amount  of  moisture  the  soil  con- 
tains. The  soil  moisture  is  controlled  by  climatic  conditions  (rain- 
fall, evaporation,  etc.),  by  the  frequency  and  heaviness  of  irrigation, 
by  the  texture  of  the  soil,  and  by  the  conditions  for  drainage.  Fur- 
thermore, the  distribution  of  the  salts  in  different  depths  of  the  soil, 
in  relation  to  the  character  of  the  root  system  of  the  plant,  must  be 
taken  into  consideration. 

COMPARATIVE  HARMFULNESS  OF  DIFFERENT  KINDS  OF  ALKALI. 

The  sulphates,  chlorids,  and  bicarbonates,  collectively  known  as 
"  white  alkali,"  are  much  more  abundant  in  most  localities  than  the 
carbonates,  or  "  black  alkali." 

Black  alkali,  which  can  usuall}^  be  recognized  by  the  dark  color  it 
imparts  to  the  surface  soil  and  to  standing  water ,^  is  far  more  injuri- 
ous to  plants  than  the  white-alkali  salts.  It  is  a  strong  corrosive, 
causing  the  decay  of  plant  tissues.  Trees  growing  in  black-alkali 
land  are  sometimes  completel}^  girdled  at  the  crown  through  the  cor- 
rosive action  of  the  sodium  carbonate.  This  salt  also  has  a  bad  effect 
upon  the  texture  of  heavy  soils,  causing  them  to  become  puddled. 

Wliere  the  soil  contains  considerable  black  alkali  it  is  useless  to 
attempt  to  grow  crops  until  this  condition  is  remedied.  If  gypsum, 
or  land  plaster,  can  be  obtained  at  a  reasonable  cost,  and  the  value 
of  the  land  warrants  its  use,  the  black  alkali  can  often  be  converted 
to  less  harmful  salts  by  successive  applications  of  this  fertilizer.  The 
effect  of  the  gypsum  is  to  neutralize  chemically  the  black  alkali. 
This  results  in  loosening  the  soil,  making  it  easier  for  water  to  pene- 
trate, and  aiding  the  washing  down  of  the  other  salts.  The  presence 
of  more  than  one-tenth  of  1  per  cent  of  sodium  carbonate  is  injurious 
to  the  growth  of  practically  all  crop  plants.  For  most  species  one- 
twentieth  of  1  per  cent  (0.05  per  cent)  of  this  extremely  noxious  salt 
is  too  much  for  good  crop  production. 

The  white-alkali  salts  are  not  corrosive,  but  when  freely  taken  up 
into  the  cells  of  the  plant  they  cause  serious  disturbances  in  its  nutri- 
tion. If  present  in  the  soil  in  sufficient  quantity,  these  salts  also  hinder 
the  absorption  of  water  by  the  plant  roots,  so  that  even  when  the  soil 
is  quite  wet  the  plants  may  actually  be  suffering  from  lack  of  water. 
This  is  doubtless  one  of  the  chief  reasons  why  seeds  germinate  more 
slowly  where  alkali  is  present. 

The  chlorid  type  of  white  alkali  is  somewhat  more  harmful  to  most 
crop  plants  than  the  sulphate  type.     The  bicarbonates  as  such  do  not 

1  This   Indication   is  sometimes    misleading,    however,   for   the   darl?   color   may   be   pro- 
duced by  less  harmful  salts,  and  the  carbonates  themselves  may  not  produce  the  stain  If 
the  soil  contains  but  little  humus. 
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appear  to  be  very  injurious,  but  there  is  always  danger  where  bicar- 

bonates  are  present  that  black  alkali  will  be  formed  by  chemical 

action. 

QUANTITY  OF  ALKALI  PRESENT. 

The  harmfulness  of  alkali  depends  upon  the  quantity  as  well  as 
the  kind  of  salts  present.  The  alkali  content  of  a  soil  is  usually 
expressed  in  percentages  of  its  total  dry  weight.  Thus,  if  100 
pounds  of  dry  soil  contains  1  pound  of  salts  that  are  easily  soluble 
in  water,  its  alkali  content  is  said  to  be  1  per  cent  As  a  rule,  if  the 
soil  contains  more  than  one-half  of  1  per  cent  of  whito-»lkali  salts, 
only  decidedly  resistant  plants  can  be  grown. 

The  kind  of  salts  present  in  a  given  alkali  ^oil  can  be  utim. lined 
only  by  chemiciil  analysis,  but  if  there  is  not  enough  black  alkali  to 
turn  red  litmus  paper  blue  when  brought  in  contact  with  the  wet  soil 
it  will  usually  suffice  for  practical  purposes  to  ascertain  merely  the 
total  quantity  of  easily  soluble  material.  This  is  most  readily  done 
by  determining  the  electrical  resistance  of  the  soil  when  saturated 
with  water.  A  convenient  instrument  for  this  purpose  is  the  elec- 
trical bridge,  described  in  Bulletin  Gl,  Bureau  of  Soils,  United  States 
Department  of  Agriculture  (1910).  F"rom  the  electrical  resistance 
the  percentage  of  salts  to  dry  w^eight  of  the  soil  can  be  calculated. 

SOIL   MOISTURE. 

Salts  can  affect  plant  growth  only  when  they  are  dissolved  in 
water.  Hence,  even  if  the  total  quantity  of  alkali  in  a  given  volume 
of  soil  remains  the  same,  the  strength  of  the  solution  which  surrounds 
the  roots  and  from  which  they  must  extract  the  water  and  plant- 
food  salts  needed  for  growth  will  vary  with  every  change  in  the  soil 
moisture.  For  example,  if  20  pounds  of  water  be  added  to  100 
pounds  of  air-dry  soil  containing  1  pound  of  alkali  salts,  the  bulk 
of  the  salts  will  be  dissolved  in  the  20  pounds  of  water  and  the  con- 
centration of  the  soil  solution  will  be  approximately  1  part  in  20,  or  5 
per  cent  If  an  additional  20  pounds  of  water  is  adde^  without  in- 
creasing the  quantity  of  salts  present,  the  concentration  of  the  soil 
solution  will  be  reduced  to  2.5  per  cent  If  the  soil  is  now  allowed  to 
dry  out  until  it  contains  only  10  pounds  of  water,  a  10  per  cent  solu- 
tion will  result,  supposing  the  moisture  and  the  salts  dissolved  in  if  to 
remain  evenly  distributed  throughout  the  soil. 

It  is  therefore  evident  that  a  mere  statement  of  the  percentage  of 
alkali  present  in  a  soil  tells  us  little  about  how  plants  will  be  affected. 
It  is  the  strength  of  the  solution  around  their  roots  which  concerns 
them.  Plants  which  could  make  a  thrifty  growth  in  a  soil  containing 
a  given  percentage  of  alkali,  provided  that  irrigation  were  so  man- 
aged as  to  maintain  a  moisture  content  of  30  per  cent,  might  suffer 
86059*— Bull.  446—11 2 
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severely  if  the  same  soil,  without  change  in  the  alkali  content,  ■were 
allowed  to  dry  out  until  only  20  per  cent  of  moisture  remained. 

Similarly,  some  plants  which  can  endure  1  per  cent  of  alkali  if 
present  in  a  heavy  soil  would  quickly  perish  in  a  sandy  soil  contain- 
ing the  same  quantity  and  the  same  kind  of  salts,  the  reason  being 
that  the  heavier  soil  can  hold  more  water.  If  a  clay  loam  and  a 
very  sandy  soil  both  hold  1  per  cent  by  dry  weight  of  alkali  and 
are  both  saturated  with  water,  the  soil  solution  in  the  former  may 
be  only  one-fourth  as  concentrated  as  in  the  latter. 

The  moisture  content  of  the  soil  is,  of  course,  subject  to  the  con- 
trol of  climatic  factors,  especially  precipitation  and  evaporation. 
In  regions  of  winter  rainfall  like  California  a  winter  crop  might 
succeed  better  in  alkali  land  of  a  given  concentration  than  a  summer 
crop  that  is  actually  more  resistant.  During  the  rainy  season  the 
soil  solution  is  frequently  diluted  by  the  water  that  falls  upon  the 
land,  and  evaporation  is  relatively  slight.  Hence,  the  surface  soil 
is  likely  to  remain  nearly  free  from  salts  during  the  entire  period 
when  the  crop  is  growing.  On  the  other  hand,  the  growth  of  the 
summer  crop  takes  place  during  the  period  when  evaporation  is 
most  rapid  and  is  tending  to  accumulate  the  salts  near  the  surface 
of  the  soil.  At  the  same  time  the  dry,  hot  weather  stimulates  tran- 
spiration or  loss  of  water  from  the  plants  themselves  just  when  the 
increased  concentration  of  the  soil  solution  makes  it  hardest  for  their 
roots  to  take  iip  water.  An  irrigated  summer  crop  is  subject  to 
great  fluctuations  in  this  respect,  the  soil  solution  being  very  dilute 
immediately  after  an  application  of  water,  but  becoming  daily  more 
concentrated  through  the  action  of  evaporation. 

Methods  of  irrigation  have  a  great  deal  to  do  with  the  movement 
of  the  soil  moisture  and  consequently  with  the  distribution  of  the 
alkali.  If  the  land  is  level,  a  heavy  flooding  will  cause  the  water 
to  move  downward  over  the  whole  surface  of  the  field,  carrying  the 
salts  with  it.  On  the  other  hand,  furrow  irrigation  drives  down 
whatever  alkali  is  present  at  the  bottoms  of  the  furrows,  but  sub- 
irrigates  the  soil  between  them,  causing  an  accumulation  of  salts  at 
the  summits  of  the  ridges.  This  action  will  be  intensified  if  the 
irrigation  water  itself  carries  considerable  alkali. 

STAGE  OF  GROWTH  OF  THE  PLANT  AND  CHARACTER  OF  ITS  ROOT 

SYSTEM. 

Another  important  consideration  in  determining  the  effect  of  a 
given  quantity  of  alkali  is  its  vertical  position  in  the  soil  in  relation 
to  the  depth  reached  by  the  plant  roots.  A  comparatively  small 
quantity  of  alkali,  if  mostly  accumulated  near  the  surface,  will  pre- 
vent getting  a  stand  of  many  crops  which  can  be  successfully  started 
if  a  heavy  rain  or  irrigation  has  occurred  just  before  planting  is 
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done.  The  effect  of  the  large  quantity  of  water  thus  added  is,  of 
course,  to  drive  much  of  the  salt  into  the  lower  depths  of  the  soil, 
leaving  a  comparatively  dilute  solution  in  the  portion  occupied  by 
the  germinating  seeds  and  the  roots  of  the  young  seedlings.  Then 
by  the  time  evaporation  has  produced  a  new  accumulation  of  salts 
at  the  surface,  the  feeding  roots  of  the  plants  may  have  penetrated 
deep  enough  to  be  out  of  reach  of  the  concentrated  solution  that  has 
once  more  formed  in  the  topsoil.  Alfalfa  serves  to  illustrate  this 
relation,  since  the  seedlings  develop  a  taproot  that  penetrates  very 
rapidly  into  the  soil.  If  the  salts  have  been  washed  out  of  the  sur- 
face G  inches  just  previous  to  seeding,  a  stand  may  Ik»  obtained  and 
the  plants  may  escape  injury,  even  if  an  alkali  crust  is  subsequently 
formed.  This  doubtless  explains  the  fact  that  flourishing  fields  of 
alfalfa  several  years  old  are  occasionally  seen  where  the  quantity 
of  salts  now  present  in  the  topsoil  would  make  it  impossible  to  get 
a  stand,  the  alkali  having  evidently  risen  since  the  seeding  was  done. 
On  the  other  hand,  most  of  the  alkali  may  be  located  in  a  deeper 
portion  of  the  soil,  a  condition  which  is  especially  unfavorable  to 
deep-rooted  plants,  such  as  alfalfa,  cotton,  and  trees.  In  irrigated 
land  this  condition  is  nearly  always  associated  with  a  high  water 
table,  which  is  itself  unfavorable  to  deep-rooted  plants,  but  deep- 
lying  deposits  of  salts  may  occur  in  unirrigated  soils  or  in  irrigated 
soils  having  a  low  water  table.  Such  deposits  are  often  associated 
with  a  clay  subsoil  or  a  lime  hardpan.  In  these  cases  comparatively 
shallow-rooted  plants  like  the  cereals  and  the  meadow  grasses  can 
often  be  successfully  grown  where  deep-rooted  plants  would  soon  die. 

GERMINATION. 

li  is  evident  from  the  foregoing  that  on  alkali  land,  no  matter 
what  crop  is  grown,  it  is  always  advisable  to  put  in  the  seed  as  soon 
as  possible  after  a  heavy  rainfall  or  irrigation.  This  is  especially 
important  with  small  seeds,  like  those  of  the  meadow  grasses  and 
of  alfalfa.  If  even  with  this  precaution  the  topsoil  still  holds  a 
fairly  strong  salt  solution,  there  is  good  reason  to  believe  that  large- 
seeded  plants  can  often  be  started  more  easily  than  small-seeded 
plants  of  the  same  family.  The  vigorous  early  growth  that  is  per- 
mitted by  a  large  seed  stored  with  abundant  reserve  food  materials 
and  the  resulting  rapid  penetration  of  the  roots  are  probably  the 
deciding  factors  in  such  cases. 

NATURE  OF  THE  PRODUCT  FOR  WHICH  THE  CROP  IS  GROWN. 

Because  a  plant  can  grow  in  the  presence  of  a  given  quantity  and 
kind  of  alkali  it  does  not  necessarily  follow  that  it  will  be  a  success- 
ful crop  under  such  conditions.  The  effect  upon  the  product  for 
which  the  crop  is  grown  must  also  be  considered.  Wheat  plants  can 
make  a  good  growth  in  the  presence  of  a  quantity  of  alkali  that  will 
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not  permit  the  formation  of  well-filled  heads  of  plump  grain.  Va- 
rious kinds  of  fruit  trees  can  endure  a  concentration  of  alkali  that 
seriously  injures  the  texture,  sweetness,  flavor,  and  keeping  property 
of  the  fruit.  The  burning  quality  of  tobacco,  the  length  and  fine- 
ness of  cotton  fiber,  and  the  sugar  content  and  purity  coefficient  of 
sugar  cane  and  beets  may  be  impaired  by  a  quantity  of  salts  that  is  too 
small  to  interfere  seriously  with  the  growth  of  the  plants.  On  the 
other  hand,  in  the  case  of  such  forage  plants  as  are  grown  chiefly 
for  a  large  production  of  stems  and  leaves,  the  actual  alkali  resist- 
ance of  the  plants  as  shown  by  their  vegetative  growth  measures  the 
possibility  of  crop  production  on  alkali  land. 

CROP  PLANTS  ADAPTED  TO  DIFFERENT  GRADES  OF  ALKALI. 
GRADES  OF  ALKALI  DISTINGUISHED. 

The  following  grades  of  alkali  may  be  distinguished,  the  grades 
being  based  upon  the  percentage  of  soluble  salts  by  weight  in  a 
given  depth  of  the  soil.  In  referring  to  the  different  grades  when 
discussing  the  alkali  resistance  of  any  particular  crop  plant,  it  is 
assumed  that  the  depth  of  soil  is  that  ordinarily  occupied  by  the  roots 
of  the  plant  in  question. 

Table  I. — Classification  of  the  different  grades  of  alkali. 


Designation  of  the  grade.' 


Proportion  of  solu- 
ble salts  to  total 
dry  weight  of  the 
depth  of  soil 
reached  by  the 
roots. 


Excessive 

Very  strong 

Strong 

Medium  strong. 

Medium 

Weak 

Negligible 


Per  cent. 
More  than  1. 5 
1.  0-1.  5 
.8-1.0 
.6-  .8 
.4-  .6 
.1-  .4 
Less  than .  1 


1  These  terms  are  used  in  order  to  avoid  a  constant  repetition  of  figures  of  percentages  In  discussing  the 
alkali  relations  of  crop  plants. 

As  shown  on  a  preceding  page,  it  is  the  concentration  of  the  soil 
solution  within  reach  of  the  roots  and  not  the  mere  quantity  of  salts 
present  which  actually  determines  the  effect  of  alkali  upon  plant 
growth.  But  as  the  soil  moisture  and  hence  the  strength  of  the  solu- 
tion are  extremely  variable,  alkali  land  can  be  classified  only  on  the 
basis  of  percentages  of  the  salts  to  the  dry  weight  of  the  soil.  In 
using  the  above  classification  in  discussing  the  resistance  of  plants  it 
is  assumed  that  the  soil  contains  a  degree  of  moisture  favorable  for 
the  growth  of  the  crop  in  question ;  also,  that  the  soil  is  not  extremely 
sandy,  for  sandy  soils  hold  much  less  water  than  loams  or  clays  and 
hence  a  given  percentage  of  alkali  produces  a  more  concentrated 
solution  in  very  light  soils. 
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CROP  PLANTS  ADAPTED   TO  THE  DIFFERENT   GRADES. 

The  limits  given  are  those  for  crop  production  and  take  into  con- 
sidonitioii  such  niattci's  as  (juality  of  the  <i^'ain  in  cereals,  of  the  filwr 
in  cotton,  and  of  sugar  content  in  sugar  beets.  The  tenn  "  good 
crop"  implies  an  approach  to  the  normal  production  in  alkali-free 
soils,  while  "  fair  crop  "  implies  a  product  giving  a  reasonable  return 
on  tlie  investment,  the  relatively  low  value  of  the  land  l^eiiig  consid- 
ered. The  limits  as  given  apply  to  the  maturing  crop.  For  gennina- 
tion  and  growth  during  the  seedling  stage  the  limits  will  in  many 
cases  be  considerably  lower. 

It  should  be  understood  that  any  classification  of  crops  on  the  basis 
of  their  alkali  resistance  c^m  be  applicable  only  in  a  very  general  way, 
owing  to  the  varying  nature  of  the  conditions  (discussed  in  the  i>re- 
ceding  sections  of  this  bulletin)  which  determine  resistance  in  any 
particular  locality  or  soil.  The  classification  applies  most  closely 
where  the  alkali  is  of  the  sulphate  type.  In  localities  where  common 
salt  (sodium  chlorid)  forms  the  bulk  of  the  alkali  it  will  be  found 
that  most  of  the  crop  plants  mentioned  succeed  best  at  the  lower 
limits  of  the  respective  grades.  If  an  appreciable  quantity  of  black 
alkali  is  present,  the  classification  will  not  hold  good  at  all. 

In  spite  of  these  limitations,  it  is  believed  that  the  following  group- 
ing will  be  useful  as  a  guide  to  the  selection  of  crops  for  testing  in 
alkali  soils,  since  the  comparative  tolerance  of  the  different  plants  is 
sufficiently  indicated.  Further  details  regarding  the  alkali  resistance 
of  each  crop  are  given  under  ''Alkali  resistance  of  the  different  crop 
plants''  (pp.  18-30). 

Excessive  alkali. — Only  a  very  few  useful  plants  can  be  depended 
upon  to  grow  where  more  than  1.5  |)er  cent  of  the  dry  weight  of  the 
soil  consists  of  alkali  salts.  Chief  among  these  are  the  native  and 
foreign  saltbushes  and.  related  plants  of  the  goosefoot  family 
(Chenopodiacea*),  which  are  of  some  value  as  forage.  Certain  native 
graases,  notably  .salt-grass  {DUtichUs  spicata),  which  affords  pas- 
turage of  rather  inferior  quality,  can  endure  more  than  1.5  per  cent 
of  white  alkali.  Sugar-beet  plants  can  grow  in  the  presence  of  as 
much  as  2.5  per  cent,  but  the  roots  produced  are  small,  the  sugar 
content  low,  and  the  ash  content  of  the  juice  too  high.  Among  fruit 
trees  the  date  palm  is  the  only  species  that  is  at  all  likely  to  succeed. 

Very  strong  alkali. — Where  there  is  not  more  than  1.5  per  cent  of 
salts  in  the  soil,  if  other  conditions  are  exceptionally  favorable  sugar 
beets  may  give  a  fair  crop,  although  they  are  not  to  be  recommended 
for  soils  containing  this  quantity  of  alkali.  The  date  palm  is  still 
the  only  fruit  tree  which  can  be  expected  to  yield  fruit  of  good  qual- 
ity. Pomegranate  bushes  will  grow,  but  will  probably  not  yield 
edible  fruit. 
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Strong  alkali. — Under  otherwise  favorable  conditions  the  following 
plants  may  be  expected  to  give  fair  crops  in  soils  holding  not  more 
than  1  per  cent  of  salts:  Sugar  beets,  western  wheat-grass,  awnless 
brome-grass,  and  tall  meadow  oat-grass. 

Medium-strong  alkali. — In  soils  that  contain  not  more  than  0.8  per 
cent  of  salts,  good  crops  may  be  grown  of  the  following  meadow  and 
pasture  grasses :  Western  wheat-grass,  brome-grass,  tall  meadow  oat- 
grass,  and,  when  once  established,  of  Italian  ray -grass  (or  rye-grass), 
meadow  fescue,  and  slender  wheat-grass;  also,  of  sugar  beets  and 
common  or  foxtail  millet.  Fair  crops  of  rape,  kale,  sorgo,  and 
barley, hay  may  be  grown. 

Medium  alkali. — The  following  plants  should  give  good  crops  in 
soils  containing  not  more  than  0.6  per  cent  of  salts:  Sorgo,  common 
or  foxtail  millet,  rape,  kale,  redtop,  timothy,  orchard  grass,  barley, 
rye,  cotton,  and  asparagus.  Fair  crops  are  possible  of  milo,  kafir, 
proso  millet,  wheat,  oats,  emmer,  alfalfa,  field  peas,  sweet  clover, 
vetches,  and  flax.  Among  orchard  crops,  pears  and  possibly  figs 
may  be  grown  if  other  conditions  are  favorable. 

Weak  alkali. — Where  the  soil  contains  not  more  than  0.4  per  cent 
of  salts,  good  crops  may  be  expected  of  nearly  all  forage  plants  and 
of  the  cereals  except  corn.  Among  truck  crops,  the  beet,  cabbage, 
cauliflower,  celery,  eggplant,  kale,  spinach,  Irish  potato,  sweet  po- 
tato, tomato,  and  watermelon  are  the  most  likely  to  succeed.  Grapes 
of  the  European  type  (Vinifera)  can  be  produced  if  other  conditions 
are  favorable. 

Negligible  alkali. — Practically  all  field-crop  plants  can  be  expected 
to  produce  profitably  in  the  presence  of  less  than  0.1  per  cent  of 
white  alkali  if  other  conditions  are  favorable.  Few  of  the  truck  and 
orchard  crops  are  likely  to  suffer. 

As  previously  stated,  however,  the  limits  for  all  of  these  crops  will 
be  lower  if  the  alkali  is  largely  accumulated  near  the  surface  of  the 
soil,  especially  at  the  time  of  seeding.  Moreover,  less  alkali  can  be 
endured  if  the  soil  is  very  sandy  or  if  an  appreciable  quantity  of 
black  alkali  is  present.  The  existence  of  other  unfavorable  condi- 
tions, such  as  a  deficiency  of  necessary  plant-food  elements  in  the 
soil,  diseases  of  various  kinds,  and  in  the  case  of  trees  and  other 
deep-rooted  plants  a  high  water  table,  may  lower  the  limits  of  toler- 
ance below  what  would  be  the  case  where  alkali  is  the  only  injurious 
factor. 

In  Table  II  lists  are  given  of  the  crop  plants  which  are  most  likely 
to  succeed  on  land  containing  different  grades  of  alkali.  Only  such 
plants  as  may  be  expected  to  give  at  least  a  fair  crop  in  the  absence 
of  the  unfavorable  conditions  mentioned  in  the  preceding  para- 
graph are  included  under  each  grade. 
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Tabli  II. — Crop  plants  ichich  are  most  likely  to  succeed  in  the  presence  of 

different  grades  of  alkali. 


1 

Medium    al- 
kali (0.4  to^ 
0.6      per 

Medium      strong 
alkali(0.6to0.8 
percent). 

Strong      alkali 
(0.8  to  1  per 
cent.) 

Sugar  \KHiiH. 
WeHtem  whc^t-gram. 
Awnlosfl  brome-graHH. 
Tall       meadow      oat- 
gra«8. 

Meadow  fescue. 

Italian  ray-grass. 

Slender  wheat-grafls. 

Foxtail  millet. 

Rape. 

Kale. 

Sorgo. 

Barley  (hay  crop). 

Weak    alkali 
(0.1   to  0.4< 
percent). 

Timothy. 
Orchard  graiw. 
Cotton. 
Asparagus. 
Wheat  (hay  crop). 
Oat.s  (hay  crop). 
Barley  (grain  crop). 
Rye  (grain  crop). 

\ 

Wheat  (grain  crop). 

Emmer  (^in  crop). 

Oat«  (grain  crop). 

Kafir. 

Milo. 

Proeo  millet. 

Alfalfa. 

Field   }UKX.< 

Vct.i,;.... 

ll<ir.>«*  bean. 
Sweet  clover. 

CONSIDERATIONS   GOVERNING  THE   CHOICE   OF  CROPS  FOR 

ALKALI  LAND. 

The  owner  of  alkali  land  who  wishes  to  select  crop  plants  for  trial 
from  the  preceding  list  should  first  make  a  careful  study  of  his  situa- 
tion, finding  out  all  he  can  about  the  quantity  of  alkali  present  in  his 
land,  the  height  of  the  water  table,  and  the  opportunities  for  drain- 
age and  for  washing  out  the  salts,  at  least  from  the  surface  soil.  He 
should  also  take  into  consideration  the  climate  of  his  region,  which 
necessarily  limits  the  numl^er  of  available  crops,  and  the  local  market- 
ing conditions,  which  determine  what  crops  can  be  profitably  dis- 
jKxsed  of. 

If  it  should  prove  practicable  to  reclaim  the  land  by  flooding  and 
drainage,  the  question  will  arise.  What  crops  can  be  grown  to  best 
advantage  during  the  progress  of  the  work?     If  the  soil  is  in  poor 
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physical  condition  or  is  deficient  in  humus  or  nitrogen,  alkali- 
resistant  green-manure  crops  should  be  tried  whether  or  not  the  land 
is  to  be  reclaimed  by  drainage.  If  immediate  reclamation  is  not 
feasible,  crops  and  tillage  methods  should  be  preferred  which  help 
to  check  evaporation  and  prevent  the  further  accumulation  of  salts 
in  the  topsoil.  If  the  water  table  is  high  and  drainage  is  imprac- 
ticable, shallow-rooted  plants  must  be  selected. 

The  following  paragraphs  contain  suggestions  as  to  the  crop  plants 
best  adapted  to  these  different  conditions. 

EXAMPLES   OF   CLIMATIC   LIMITATIONS. 

Many  alkali-resistant  plants,  such  as  cotton,  rice,  and  the  date 
palm,  can  be  grown  only  in  the  warmer  part  of  the  country.  An- 
other case  where  climate  plays  an  important  part  in  deciding  the 
choice  of  crop  plants  for  alkali  land  is  that  of  the  Pacific  Coast  States, 
where  the  winter  is  mild  and  most  of  the  rainfall  occurs  at  that  sea- 
son. This  allows  certain  crops  to  be  grown  on  land  containing  too 
much  alkali  to  permit  success  with  the  same  crops  in  summer  (see 
p.  10).  The  cereals — barley,  wheat,  etc. — often  give  good  results 
under  these  conditions,  especially  when  grown  for  hay.  Various 
leguminous  forage  plants  (for  example,  vetches  and  horse  beans)  can 
also  be  recommended  as  winter  crops  for  moderately  alkali  land  in 
the  States  mentioned.  Similar  results  can  doubtless  be  obtained  in 
Arizona  and  adjacent  regions  of  low  rainfall,  provided  sufficient 
water  is  available  for  frequent  irrigation  in  winter. 

FORAGE  PLANTS  USUALLY  PREFERABLE. 

It  has  been  pointed  out  (p.  11)  that  many  plants  can  tolerate  a 
quantity  of  alkali  which  impairs  the  product  for  which  they  are 
grown  to  such  a  degree  as  to  render  them  worthless  as  crops.  On  the 
other  hand,  the  majority  of  forage  plants,  being  grown  chiefly  for 
their  leaves  and  stems,  are  successful  crops  wherever  the  plants  them- 
selves can  make  a  good  growth.  The  meadow  and  pasture  grasses, 
sorgos,  common  or  foxtail  millet,  and  rape  are  among  the  most  satis- 
factory crops  for  land  containing  more  than  one-half  of  1  per  cent 
and  less  than  1  per  cent  of  alkali,  while  such  leguminous  forage 
plants  as  alfalfa,  vetches,  Canada  peas,  and  sweet  clover  may  be  ex- 
pected to  succeed  in  the  presence  of  any  quantity  less  than  one-half 
of  1  per  cent  when  a  stand  is  once  obtained. 

RECLAMATION   CROPS. 

Such  crop  plants  should  be  selected  as  can  best  endure  the  frequent 
fioodings  given  alkali  land  that  is  being  reclaimed.  Sorgo  is  the 
most  generally  valuable  crop  for  this  purpose.  Rice  is  extensively 
used  in  Egypt  as  a  reclamation  crop  and  can  be  recommended  for 
localities  in  the  United  States  which  have  a  suitable  climate  and  an 
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ample  water  supply.  When  the  reclamation  is  approaching  comple- 
tion it  is  the  custom  in  E|rypt  to  seed  the  land  to  the  clover  known  as 
berseem,  and  if  a  good  stand  is  obtained  the  soil  is  considered  suffi- 
ciently free  from  salts  for  the  growing  of  cotton,  the  principal  crop 
of  that  country.  As  berseem  succeeds  well  only  as  a  winter  crop  in 
regions  that  are  almost  free  from  frost,  its  usefulness  in  the  United 
States  will  necessarily  be  very  restricted.* 

The  idea  is  current  in  some  localities  that  alkali  land  can  be  re- 
claimed merely  by  growing  certain  resistant  plants,  such  as  salt- 
bushes  and  sugar  beets.  As  a  matter  of  fact,  the  plants  mentioned 
when  grown  on  alkali  soils  do  take  uj)  considerable  quantities  of 
salts,  as  is  shown  by  chemical  analysis  of  their  ash.  The  salts  ab- 
sorbed are,  of  course,  removed  from  the  land  if  the  crop  itself  is 
removed.  Yet  the  quantity  of  alkali  taken  out  by  the  plants  is 
usually  so  small  in  proportion  to  the  total  amount  in  the  soil  that 
it  is  very  doubtful  whether  land  containing  any  considerable  quan- 
tity of  salts  could  be  permanently  reclaime<^l  by  the  removal  of  many 
successive  crops. 

GREEN-MANURE   CROPS. 

Alkali  MMi>  are  apt  to  be  deficient  in  humus,  and,  especially  ii  any 
black  alkali  is  present,  they  tend  to  become  puddled  when  wet  and  to 
form  a  hard,  baked  surface  when  dry,  offering  much  resistance  to 
the  penetration  of  water.  The  tilth  of  such  land  can  often  be  im- 
proved by  disking  in  barn  manure  or  plowing  under  a  green-manure 
crop  where  such  a  crop  can  be  grown.  The  effect  of  thus  incorporat- 
ing organic  matter  is  to  loosen  the  surface,  making  it  easier  for  water 
to  penetrate  the  soil  and  to  wash  the  salts  downward.  Furthermore, 
the  loose  material  acts  as  a  mulch,  checking  evaporation  and  hence 
retarding  the  return  of  the  alkali  to  the  surface.  It  is  also  probable 
that  conditions  more  favorable  to  the  accumulation  of  nitrogen  can 
be  established  by  increasing  the  supply  of  organic  matter. 

The  crop  plants  suitable  for  green  manure  which  are  most  likely 
to  succeed  where  the  alkali  exceeds  one-half  of  1  per  cent  are  sorgo, 
millet,  barley,  rye,  rape,  and  kale.  AVhere  there  is  less  than  one- 
half  of  1  per  cent  of  alkali,  certain  leguminous  plants — alfalfa, 
sweet  clover,  Canada  peas,  vetches,  and  horse  beans — are  likely  to 
give  good  results  if  a  stand  can  be  secured.  ^Vhere  they  can  be 
grown,  leguminous  plants  are  preferable  because  they  produce  an 
immediate  increase  in  the  supply  of  nitrogen. 

CROPS  FOR  ALKALI   LAND  NOT   BEING   RECLAIMED. 
Other   things  being  equal,   those  crop   plants  should   be   selected 
which  leave  the  land  in  the  best  condition   for  succeeding  crops. 

*  For  further  information  concerning  crops  grown  In  Egypt  on  alkali  land  that  is  being 
reclaimed,  see  the  Yearbook  of  the  United  States  Department  of  Agriculture  for  1902, 
pp.  673-588. 
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This  depends  upon  the  character  of  the  plant  itself  and  of  the  cul- 
tural methods  used  in  growing  it.  Thus,  alfalfa,  if  a  stand  can  be 
obtained,  will  shade  the  ground  more  or  less  effectively  at  all  times, 
reducing  evaporation  and  thereby  helping  to  prevent  the  salts  from 
accumulating  at  the  surface  of  the  soil.  On  the  other  hand,  the 
small  grains  (wheat,  barley,  oats,  etc.)  are  less  efficient  in  this  re- 
spect and  unless  the  stubble  is  disked  or  plowed  up  immediately 
after  harvest  and  a  soil  mulch  established,  the  intense  evaporation 
from  the  hardened,  unshaded  surface  will  result  in  accumulating  the 
alkali  in  the  topsoil. 

Intertilled  crops,  such  as  sugar  beets  and  cotton,  are  desirable  for 
land  containing  a  moderate  quantity  of  alkali,  provided  that  a  culti- 
vation is  given  promptly  after  every  rainfall  or  irrigation  in  order  to 
check  evaporation  and  thus  prevent  the  return  of  the  alkali  to  the 
surface.  Even  in  the  case  of  crops  which  are  ordinarily  seeded  broad- 
cast, it  may  be  advantageous  on  alkali  land  to  put  in  the  seed  with  a 
drill,  leaving  enough  space  between  the  rows  to  permit  cultivation. 

On  land  containing  too  much  alkali  for  crop  production  by  ordi- 
nary methods,  a  stand  can  sometimes  be  obtained  by  planting  the 
seed  at  the  bottom  of  furrows  and  running  water  through  the  fur- 
row^s  at  frequent  intervals.  This  method  has  been  successfully  used 
with  sorghum  in  the  Southwest.  It  has  the  effect  of  washing  down 
what  alkali  is  present  at  the  bottoms  of  the  furrows,  but  meanwhile 
the  soil  between  them  is  subirrigated  and  the  salts  accumulate  at 
the  summits  of  the  ridges.  The  same  thing  happens  when  orchards 
on  alkali  land  are  furrow- irrigated.  The  result  in  both  cases  is  that 
ultimately  the  alkali  condition  of  the  topsoil  is  aggravated  unless 
the  land  is  occasionally  leveled  and  heavily  flooded  in  order  to  wash 
down  the  surface  accumulation  of  salts. 

CROPS  FOR  ALKALI  LAND  HAVING  A  HIGH  WATER  TABLE. 

Shallow-rooted  plants  should  be  selected  for  alkali  land  having  a 
high  water  table.  In  many  cases  the  best  use  that  can  be  made  of 
such  land  is  to  convert  it  into  permanent  meadow  or  pasture,  the 
grasses  being  shallow -rooted  plants  and  also  more  or  less  tolerant  of 
alkali.  In  addition  to  the  native  grasses  which  often  occur  naturally 
on  such  land,  most  of  the  cultivated  grasses  are  well  adapted  to  this 
purpose  (see  pp.  19-20).  As  catch  crops  for  land  of  this  character 
when  only  a  moderate  quantity  of  alkali  is  present,  the  small  grains 
(barley,  rye,  oats,  and  wheat)  will  give  at  least  a  hay  crop,  especially 
in  years  of  heavy  rainfall. 

ALKALI  RESISTANCE  OF  THE  DIFFERENT  CROP  PLANTS. 

In  the  following  pages  many  of  the  crop  plants  grown  in  the  West- 
ern States  are  discussed  in  connection  with  their  behavior  on  alkali 
soils,  the  plants  being  arranged  under  the  crop  classes — forage  plants, 
lie 
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cereals,  etc — ^to  which  thov  bi»lonji:  instead  of  strictly  in  the  order  of 
their  relative  tolerance  for  alknli. 

FOBAGE   PLANTS. 

As  a  rule,  forage  plants  are  likely  to  give  the  most  satisfactoi^  ;c 
suits  on  alkali  land,  and  among  them  hay  and  pasture  plants  which' 
are  grown  principally  for  their  stems  and  leaves  are  to  be  preferred 
to  such  plants  as  kalir,  milo,  an-l  nnwo  millni    in  wlurl,  s.oo/1  T>tv».liir.- 
tion  is  an  important  feature. 

In  many  parts  of  the  West,  barley,  oats,  and  even  wheat  are  exten- 
sively grown  as  ha}'  crops,  but  to  avoid  repetition  the  relations  of 
these  plants  to  alkali  will  be  discussed  under  the  heading  "  Cereals." 

Meadow  and  Pasture  Grasses. 

No  class  of  cultivated  plants  can  be  more  safely  recommended  for 
alkali  land  than  the  meadow  and  pasture  grasses.  Subirrigated  lands 
in  valley  bottoms  that  carry  considerable  salts  can  be  utili/A'd  in  no 
better  way  than  as  permanent  grass  meadows  and  pastures. 

Western  wheat-grass  grows  wild  in  many  parts  of  the  western 
Ignited  States,  where  it  is  highly  esteemed  for  hay  and  pasturage.^ 
It  is  frequently  found  occurring  naturally  in  alkali  land.  In  field 
experiments  carried  on  by  the  Avriter  it  proved  to  be  more  tolerant  of 
alkali  than  any  of  the  other  grasses  tested.  This  plant  can  make 
some  growth  in  the  presence  of  2  per  cent  of  white  alkali  in  the  first 
2  feet  of  the  soil,  and  seed  can  be  ripened  in  the  presence  of  1  per 
cent.  Where  the  alkali  is  only  medium  strong  (0.65  per  cent)  '♦  h'}^ 
been  found  to  make  as  good  growth  as  in  soil  free  from  alkali. 

Unfortunately,  this  grass  is  often  a  poor  seed  producer,  since  the 
heads  are  very  often  diseased  with  ergot.  The  percentage  of  germi- 
nation of  the  seeds  produced  is  also  low,  and  the  plants  are  very  slow 
in  starting  growth,  two  or  three  years  being  required  to  get  a  full 
stand.  Western  wheat-grass  should  always  be  seeded  in  mixture 
with  some  of  the  other  alkali-resistant  grasses  here  mentioned. 

Awnless  brome-grass  {Bromus  inermis)  and  tall  meadow  oat-grass 
rank  next  to  western  wheat-grass  in  their  tolerance  of  alkali.  The 
growth  of  brome-grass  is  unhindered  where  the  alkali  is  of  the 
medium  grade  (0.5  per  cent).  In  fact,  this  grass  can  make  excellent 
growth  and  seed  production  where  the  alkali  is  medium  strong  (0.7 
per  cent),  and  it  has  been  observed  to  ripen  some  seed  in  the  presence 
of  very  strong  alkali  (1.5  per  cent).  Tall  meadow  oat-grass  is  appar- 
ently fully  as  tolerant  as  smooth  brome-grass,  being  able  to  make  a 
fair  growth  and  ripen  seed  in  the  presence  of  strong  alkali  (1  per 
cent). 

» The  high  feeding  value  of  western  wheat-grass  haj*  Is  shown  by  the  results  of  analyses 
quoted  in  Bulletin  196,  Bureau  of  Plant  Industry,  1910,  p.  30. 
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These  tkree  species — western  wheat-grass,  awnless  brome-grass,  and 
tall  meadow  oat-grass — can  safely  be  recommended  for  land  contain- 
ing not  more  than  1  per  cent  of  Avhite  alkali.  Since  the  first  two  are 
rather  slow-growing  grasses,  it  will  be  advantageous  to  seed  them  in 
mixture  with  tall  meadow  oat-grass  or  with  some  of  the  species 
mentioned  in  the  next  paragraph. 

Other  grasses  which  have  been  tested  and  found  to  be  adapted  to 
alkali  land,  although  somewhat  less  resistant  than  those  just  men- 
tioned, are  tall  meadow  fescue,  Italian  ray-grass  or  rye-grass,  slender 
wheat-grass,  redtop,  orchard  grass,  and  timothy,  their  tolerance  for 
alkali  being  in  about  the  order  named,  beginning  with  the  most 
resistant.  All  of  these  species  should  give  good  results  where  the 
alkali  is  not  more  than  of  the  medium  grade,  and  most  of  them  will 
usually  succeed  in  the  presence  of  medium-strong  alkali  if  the  salts 
are  pretty  evenly  distributed  throughout  the  depth  of  soil  reached 
by  the  roots  of  the  plants. 

Italian  ray-grass  can  be  recommended  as  a  lawn  grass  for  mod- 
erately alkali  land,  although  being  rather  short  lived  it  has  to  be 
reseeded  frequently. 

In  seeding  grasses  on  alkali  land  care  should  be  taken  to  insure  a 
seed  bed  relatively  free  from  salt,  either  by  planting  immediately 
after  heavy  rains  or  by  flooding  before  seeding.  The  small  seeds  of 
most  of  the  species  have  little  chance  of  success  where  there  is  a  heavy 
accumulation  of  salts  at  the  surface  of  the  soil. 

Some  of  the  native  grasses  of  the  western  United  States  are  among 
the  most  alkali  resistant  of  plants.  Western  wheat-grass  has  already 
been  discussed.  The  familiar  salt-grass  (Distichlis)  is  found  iR 
nearly  all  localities  where  alkali  soils  occur,  and  its  presence  is  usu- 
ally a  reliable  indicator  that  the  soil  contains  at  least  a  medium  quan- 
tity of  salts.  It  often  covers  the  ground  with  a  dense  sod  and  affords 
considerable  pasturage,  although  of  a  quality  that  is  probably  too 
inferior  to  warrant  planting  where  this  grass  does  not  naturally  occur. 

Sorghums. 

There  is  a  general  and  well-founded  belief  in  regions  where  alkali 
soils  occur  that  the  sorghums  are  among  the  best-adapted  forage 
plants  for  this  type  of  land.  They  lend  themselves  readily  to  culture 
on  alkali  land  that  is  being  reclaimed,  since  they  can  endure  a  great 
deal  of  flooding.  It  is  the  practice  in  some  parts  of  the  Southwest  to 
seed  sorghum  at  the  bottoms  of  furrows,  down  which  water  is  run  at 
frequent  intervals.  This  keeps  the  soil  relatively  fresh  around  the 
seeds  and  the  roots  of  the  young  plants  and  often  permits  a  stand  to 
be  had  in  land  containing  too  much  alkali  to  produce  a  crop  if  ordi- 
nary methods  of  planting  are  followed. 

The  sorgos,  or  saccharine  sorghums,  being  grown  largely  for  their 
leaves  and  stalks,  are  likely  to  give  more  satisfactory  results  on  alkali 
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land  than  the  niilos  and  kafirs,  in  which  seed  production  is  more  im- 
portant. Anibor  sorgo  can  make  a  fair  p^rowUi  and  develop  heads 
in  the  presence  of  medium-strong  white  alkali,  and  a  good  crop  may 
be  expected  in  the  presence  of  medium  alkali  provided  other  condi- 
tions are  favorable.  In  the  germinating  and  seedling  stage  the 
plants  do  almost  as  well  in  the  presence  of  medium-strong  white 
alkali  as  in  soil  practically  free  from  these  salts.  In  fact,  no  other 
crop  plant  with  which  the  writer  has  experimented  has  shown  so 
great  a  degree  of  resistance  in  this  stage  of  growth.  Sorgo  is  also 
apparently  more  resistant  to  black  alkali  than  are  the  majority  of 
crop  plants. 

The  kafirs  and  milos  can  endure  as  much  alkali  as  the  saccharine 
sorghums,  so  far  as  the  growth  of  the  plants  is  concerned,  but  it  is 
inadvisable  to  attempt  to  grow  them  for  seed  production  where  more 
than  a  medium  quantity  n.<nr«. 

Millets. 

Common  or  foxtail  millet  is  an  excellent  crop  for  moderately 
alkali  land.  A  good  crop  may  be  expected  where  there  is  not  more 
than  a  medium  quantity  of  white  alkali.  The  germination  of  the 
seeds  and  the  growth  of  the  plants  during  the  seedling  stage  are  not 
materially  hindered  by  this  quantity  of  salts  if  there  is  not  too  great 
an  accumulation  at  the  surface  of  the  soil.  In  the  presence  of 
medium-strong  alkali  a  fair  crop  can  be  produced,  and  a  limited 
growth  and  seed  production  are  possible  under  otherwise  favorable 
conditions  even  where  strong  alkali  occurs.  One  per  cent  of  white- 
alkali  salts  in  the  depth  of  soil  occupied  by  the  roots  is  probably  the 
extreme  limit  for  seed  production,  and  this  quantity  is  too  great  for 
profitable  crop  production. 

The  proso  or  broom-corn  millets  are  also  decidedly  tolerant  of 
alkali,  but  as  they  are  grown  mainly  for  their  seed  it  is  doubtful 
whether  they  are  as  suitable  a  crop  for  such  soils  as  the  foxtail 
millets.  The  yield  of  straw  on  alkali  land  also  appears  to  be  lighter 
in  the  case  of  the  prosos.  The  results  of  the  writer's  experiments  in 
the  field  indicate  that  the  upper  limit  of  the  weak  grade  of  white 
alkali  (0.4  per  cent)  is  about  the  limit  for  a  good  crop  of  proso. 
Growth  and  seed  production  were  greatly  reduced  at  the  upper  limit 
of  tlx'  infMliinn  «rr5if]e  (0.6  per  Cent). 

Rape  and  Kale. 

Rape  and  kale,  which  are  extensively  used  for  forage  in  Europe 
but  are  little  grown  in  the  western  United  States,  are  decidedly 
tolerant  of  salts.  Essex  rape  makes  a  fair  growth  in  the  presence  of 
medium-strong  white  alkali.  Where  the  alkali  does  not  exceed  the 
upper  limit  of  the  weak  grade  (0.4  per  cent),  the  plants  can  reach 
full  size.     Forage  kale  (the  Thousand-Headed  variety)   appears  to 
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be  at  least  equally  resistant,  making  a  fair  growth  in  the  presence  of 
medium-strong  white  alkali. 

The  chief  objection  to  these  plants  as  a  crop  for  alkali  land  is  the 
difficulty  frequently  experienced  in  getting  a  stand.  They  appear  to 
be  decidedly  more  sensitive  than  the  sorghums  and  millets  while  in 
the  germinating  and  seedling  stages.  The  small  and  delicate  seedlings 
also  have  great  difficulty  in  breaking  through  the  crust  that  forms  on 
the  surface  of  certain  types  of  alkali  land  when  allowed  to  become 
too  dry.  Care  should  therefore  be  taken  in  seeding  these  crops  on 
such  land  to  first  wash  the  salt  out  of  the  surface  soil  and  to  irrigate 
frequently  enough  to  prevent  a  hard  crust  forming  until  the  plants 
are  sufficiently  large  to  shade  the  ground.  With  these  precautions 
to  insure  a  stand,  rape  and  kale  are  likely  to  prove  useful  as  green- 
manure  crops  for  alkali  soils,  which  are  often  deficient  in  humus. 

Saltbushes. 

The  saltbushes  (species  of  Atriplex)^  are  among  the  most  charac- 
teristic of  the  native  plants  of  the  western  United  States  which  grow 
naturally  on  alkali  land.  In  fact,  the  presence  of  many  of  the  species 
is  a  reliable  indicator  that  the  soil  contains  salts  in  sufficient  quantity 
to  injure  the  majority  of  cultivated  plants.  Saltbushes  are  of  more 
or  less  value  as  an  element  of  the  natural  pasturage  or  range  of  the 
western  United  States,  being  browsed  by  cattle  and  sheep,  especially 
when  grass  is  scarce.  'V\niile  it  has  been  demonstrated  that  the  North 
American  species  can  be  successfully  seeded  on  moist  alkali  land,^  it 
has  not  been  proved  that  the  enterprise  would  be  a  profitable  one. 
Some  of  the  Australian  saltbushes  were  rather  extensively  tested  a 
few  years  ago  by  the  California  Agricultural  Experiment  Station, 
and  were  found  capable  of  tolerating  an  excessive  quantity  of  alkali, 
in  one  case  as  much  as  4  per  cent  in  the  first  4  feet  of  the  soil.  But 
it  has  not  been  demonstrated  that  the  value  of  the  crop  will  warrant 
the  expense  of  getting  a  stand,  and  the  saltbushes  have  not  been 
taken  up  by  farmers  to  any  important  extent.  The  Australian  species 
will  probably  succeed  only  in  regions  having  a  mild  winter,  like  Cali- 
fornia, Arizona,  and  possibly  southern  Nevada  and  parts  of  New 
Mexico  and  Texas. 

The  value  of  some  of  the  larger-growing  saltbushes  for  making 
hedges  and  windbreaks  in  alkali  land  is  discussed  on  another  page. 

Leguminous  Forage  Plants. 

Plants  of  the  pea  family  (Leguminosae)  are  generally  sensitive  to 
alkali,  as  is  indicated  by  the  fact  that  very  few  species  of  this  large 
and  widely  distributed  family  grow  naturally  in  salty  soils.     Never- 

1  The  North  American  and  Australian  saltbushes  are  discussed  by  Mr.  J.  G.  Smith  In 
the  Yearbook  of  the  United  States  Department  of  Agriculture  for  1898,  pp.  535  to  550, 
with  special  reference  to  their  utility  on  alkali  land ;  also  by  Dr.  P.  B.  Kennedy,  in 
Farmers'  Bulletin  108,  1900,  entitled  "  Saltbushes." 

2  In  Bulletin  63,  Wyoming  Agricultural  Experiment  Station,  1904,  methods  of  planting 
are  described  on  page  17. 
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Uieless,  some  of  these  plants  are  fairly  tolerant  and  can  be  grown  in 
land  rarryinp  a  moderate  quantity  of  salts — ^provided  the  conditions 
«re  otherwise  favorable.  Unless  the  topsoil  is  practically  free  from 
alkali  at  the  time  of  seeding,  a  greater  measure  of  success  is  likely  to 
be  had  with  large-seeded  species,  such  as  field  peas,  vetches,  and  horse 
beans,  than  with  small  seeds  like  those  of  alfalfa  and  clover.  The 
I^guminosa?  are  very  sensitive  to  sodium  carbonate,  and  their  culture 
should  not  be  attempted  if  black  alkali  is  present  in  appreciable  quan- 
tity. Where  the  soil  contains  not  more  than  a  medium  quantity  of 
white  alkali,  alfalfa,  berseem  (Egyptian  clover), sweet  clover,  Canada 
field  peas,  horse  beans,  and  some  of  the  vetches  maj^  be  grown  with 
fair  success.  AVhere  these  plants  can  be  grown  they  will  be  found 
beneficial  to  alkali  soils  if  plowed  in,  since  the  material  thus  added 
not  only  improves  the  tilth  and  increases  the  supply  of  humus,  which 
such  soils  often  lack.  l)n<  hIvo  finnislies  niiroi'm  for  the  use  of 
succeeding  crops. 

Alfalfa. — Being  the  luost  cxlcnsively  grown  lui'u<xe  crop  of  the 
western  United  States,  alfalfa  has  received  more  attention  than  any 
other  leguminous  plant  with  respect  to  its  relations  to  alkali  soil. 
It  is  difficult  to  start  in  even  moderately  alkali  land  in  case  the  salts 
are  largely  accumulated  in  the  surface  soil,  but  if  seeded  just  after  a 
heavy  rain  or  irrigation  the  taproots  of  the  young  plants  will  speedily 
penetrate  to  a  considerable  depth  and  by  the  time  evaporation  has 
brought  the  salts  back  to  the  surface  the  feeding  roots  may  Ije  largely 
out  of  reach  of  the  surface  accumulations.  It  is  a  common  experience 
in  the  West  to  see  old  plants  of  alfalfa  growing  vigorously  in  the 
presence  of  surface  accumulations  of  salts  that  would  absolutely  pre- 
vent getting  a  stand.  In  such  cases  the  greater  part  of  the  alkali 
must  have  risen  after  the  alfalfa  was  seeded.  If  a  stand  can  be  ob- 
tained alfalfa  is  well  adapted  to  preventing  excessive  accumulation 
of  salts  in  the  topsoil.  owing  to  the  shade  constantly  afforded  by  this 
crop.  It  has  been  observed  that  alfalfa  can  flourish  for  years  in  land 
where,  if  the  stand  is  plowed  up,  the  salts  quickly  accumulate  near  the 
surface  in  such  large  quantity  that  grain  can  not  be  successfully 
seeded. 

In  the  germinating  and  seedling  stage  alfalfa  has  given  satisfac- 
tory results  where  the  alkali  in  the  first  6  inches  of  the  soil  was  at 
the  lower  limit  of  the  medium  grade  (0.4  per  cent),  with  no  black 
alkali  present.  Young  alfalfa  is  exceedingly  sensitive  to  black  al- 
kali, but  Prof.  Hilgard  states  that  if  only  a  slight  amount  of  sodium 
carbonate  is  present  a  stand  can  sometimes  be  obtained  if  gypsum 
or  land  plaster  is  sown  with  the  seed. 

Alfalfa  when  once  established  can  endure  the  upper  limit  of  the 
medium  grade  of  white  alkali  (0.6  per  cent)  if  the  salts  are  mostly 
sulphates.  If  chlorids  form  a  large  proportion  of  the  alkali  the 
lower  limit  of  this  grade  (0.4  per  cent)  is  usually  about  the  limit  for 
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a  healthy  growth.  But  where  the  soil  is  very  sandy  as  little  as  0.2 
per  cent  of  the  chlorid  type  of  alkali  may  injure  the  plants,  the  soil 
solution  being  more  concentrated  in  a  sandy  than  in  a  loam  or  clay- 
loam  soil. 

The  percentages  mentioned  represent  the  average  limits  for  the 
profitable  production  of  alfalfa  in  the  presence  of  different  types  of 
alkali.  Occasional  individual  plants  are  more  resistant  and  have 
been  observed  to  ripen  seed  in  the  presence  of  as  much  as  1  per  cent 
where  the  alkali  was  large!}''  common  salt  (sodium  chlorid). 

Field  peas. — Next  to  alfalfa  the  Canada  field  pea  is  the  most  im- 
portant leguminous  forage  crop  grown  in  the  western  United  States. 
In  the  germinating  and  seedling  stages  the  upper  limit  of  the  weak 
grade  of  alkali  (0.4  per  cent)  marks  about  the  limit  of  tolerance  for 
this  plant.  Where  white  alkali  of  the  sulphate  type  does  not  exceed 
0.2  per  cent  of  the  weight  of  the  soil,  germination  has  been  observed 
to  take  place  as  readily  as  in  soil  free  from  alkali.  Crop  production 
is  possible  in  the  presence  of  a  medium  quantity  of  sulphate  alkali 
(0.5  per  cent),  and  a  good  crop  can  be  obtained  where  the  alkali  does 
not  exceed  the  lower  limit  of  this  grade  (0.4  per  cent). 

Sweet  clover. — The  white-flowered  sweet  clover  is  a  common  weed  in 
many  irrigated  districts  and  often  attracts  attention  because  of  its 
luxuriant  growth  under  apparently  unfavorable  conditions.  It  is 
usually  avoided  by  stock  on  account  of  the  bitter  and  aromatic 
flavor  of  the  plant,  although  it  is  stated  that  horses,  cattle,  and 
sheep  can  become  accustomed  to  it  and  even  learn  to  relish  it.  Sweet 
clover  is  a  very  efficient  nitrogen  gatherer  and  undoubtedly  possesses 
considerable  value  as  a  green-manure  crop.  While  it  is  generally  be- 
lieved that  this  plant  is  much  more  tolerant  of  alkali  than  is  alfalfa, 
actual  experiments  in  alkali  soils  do  not  bear  out  this  conclusion. 
The  upper  limit  of  the  weak  grade  of  white  alkali  (0.4  per  cent)  is 
about  the  limit  for  good  germination  and  the  production  of  a  heavy 
crop  of  sweet  clover.  But  where  this  percentage  of  alkali  is  present 
in  the  surface  soil  it  is  probably  easier  to  get  a  stand  of  sweet  clover 
than  of  alfalfa.  In  land  having  a  high  water  table  sweet  clover 
can  often  be  successfully  grown  where  alfalfa  will  not  thrive. 

The  yellow-flowered  sweet  clover,  or  "  sour  clover,"  is  much  more 
common  in  the  Southwest  than  the  white-flowered  species.  In  Ari- 
zona, where  it  makes  most  of  its  growth  in  winter,  this  plant  is  likely 
to  prove  useful  as  a  green-manure  crop  for  alkali  land  of  the  medium 
and  weak  grades. 

In  considering  the  desirability  of  seeding  either  species  of  sweet 
clover,  the  tendency  of  these  plants  to  become  aggressive  field  weeds 
should  be  borne  in  mind.  It  is  doubtful  whether  it  would  be  wise 
to  introduce  them  into  any  locality  where  they  are  not  already 
abundant. 
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True  clovers. — Little  is  known  about  the  alkali  resistance  of  the 
clovers  ordinarily  grown  in  the  United  States — red,  white,  crimson, 
and  alsike.  It  is  probul^lo  that  all  of  these  species  are  rather  sen- 
sitive. 

Berseem,  or  Egvi.i..*..  ..^wi,  .-  <  .^icnsively  ^i.*,,..  ...  l.^>i;»  <is  a 
winter  crop  on  alkali  land  under  reclamation  and  is  used  there  as  an 
indicator  of  the  degree  to  which  the  salts  have  been  washed  out  of 
the  soil.  As  soon  as  a  stand  of  clover  can  be  had  it  is  considered 
safe  to  put  the  land  into  cotton.  Berseem  is  particularly  useful  as  a 
reclamation  crop  because  it  can  endure  a  great  deal  of  moisture  and 
is  not  injured  by  the  frequent  fioodings  given  land  that  is  being  re- 
claimed. The  medium  grade  of  alkali,  where  sodium  chlorid  is  the 
principal  salt,  is  believed  in  Egypt  to  be  about  the  limit  for  the  suc- 
cessful growth  of  this  clover.  Attempts  to  utilize  this  plant  in  the 
United  States  have  not  been  very  successful.  As  it  is  sensitive  to 
frost  and  appjirently  also  to  hot  weather  its  usefulness  will  be  re- 
stricted to  localities  having  a  very  mild  winter. 

Vetches. — Two  species  of  vetch,  the  hairy  vetch  and  the  scarlet 
vetch,  have  been  rather  thoroughly  tested  and  have  proved  easier 
to  germinate  in  alkali  soils  than  any  other  leguminous  plants  in- 
cluded in  the  writer's  experiments.  Hairy  vetch  gives  a  good  ger- 
mination and  produces  a  fair  hay  crop  where  alkali  of  the  sulphate 
type  does  not  exceed  the  lower  limit  of  the  medium  grade.  Scar- 
let vetch  appears  to  be  at  least  equally  resistant,  making  a  heavy 
crop  in  the  presence  of  the  medium  grade  of  sulphate  alkali.  The 
lower  limit  of  this  grade  (0.4  per  cent)  does  not  appreciably  retard 
the  germination  and  seedling  growth  of  scarlet  vetch,  and  as  much 
as  1  per  cent  does  not  prevent  germination,  although  the  seedlings 
grow  very  slowly  at  this  concentration.  It  is  unlikely  that  profitable 
crops  can  be  grown  if  the  alkali  exceeds  the  upper  limit  of  the  me- 
dium grade  (O.G  per  cent). 

Horse  bean. — The  horse  U-aii  i^  ixunsively  grown  m  im-  OKI  W'oild 
as  a  forage  plant.  A  large-seeded  form  (the  so-called  "broad 
bean  ")  is  a  favorite  table  vegetable  in  Europe.  In  the  United  States 
the  plant  has  been  grown  only  experimentally  and  appears  to  succeed 
best  as  a  winter  crop  in  California  and  as  a  summer  crop  in  rather 
elevated  regions,  such  as  eastern  Wyoming,  where  the  summer  is 
comparatively  cool.  It  appears  to  be  decidedly  more  tolerant  of 
alkali  than  the  majority  of  leguminous  plants.  The  large  size  of 
the  seeds  makes  it  easier  to  get  a  stand  in  alkali  land  than  is  the 
case  with  most  plants  of  this  family.  As  it  produces  a  considerable 
quantity  of  vegetable  matter,  the  horse  bean  is  worthy  of  considera- 
tion as  a  green-manure  crop  for  alkali  land  in  localities  having  a 
suitable  climate.  Hot  weather  soon  puts  an  end  to  the  growth  of 
the  plants  and  causes  them  to  turn  black.     In  soils  where  the  alkali 
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is  of  the  sulphate  type  the  young  plants  will  tolerate  medium-strong 
alkali.  Numerous  pods  are  set  where  the  alkali  does  not  exceed  the 
lower  limit  of  the  medium  grade  (0.4  per  cent). 

SUGAR  BEETS. 

Sugar  beets  are  undoubtedly  the  most  alkali  resistant  of  the  im- 
portant field  crops  grown  in  the  western  United  States.  But  while 
the  plants  can  tolerate  excessive  quantities  of  salts,  it  is  not  profitable 
to  grow  them  in  very  strong  alkali  soils  because  of  the  injurious 
effect  of  the  alkali  upon  the  size  of  the  roots  and  upon  the  percentage 
of  sugar  and  the  purity  coefficient  of  the  juice.  The  actual  limits 
for  profitable  beet  growing  must  be  ascertained  in  each  locality  by 
testing  the  effect  of  the  prevailing  type  of  alkali  upon  the  composi- 
tion of  the  roots. 

As  a  rule,  a  good  stand  of  sugar  beets  can  not  be  expected  if  the 
soil  around  the  germinating  seeds  and  the  roots  of  the  young  seed- 
lings contains  more  than  the  medium  grade  of  white  alkali  (about 
0.5  per  cent).  One-tenth  of  this  amount  of  black  alkali  (sodium 
carbonate)  is  probably  the  greatest  quantity  which  will  permit  a 
stand  being  obtained.  Experienced  beet  growers  find  that  a  heavy 
irrigation  previous  to  planting  often  makes  it  possible  to  secure  a 
stand  in  alkali  land  where  without  this  precaution  beets  could  not 
be  successfully  started.  The  subsequent  return  of  the  salts  to  the 
surface  of  the  soil  may  not  injure  the  plants,  since  after  the  seedling 
stage  is  past  sugar  beets  are  much  more  tolerant  of  alkali. 

When  once  established,  sugar  beets  can  be  expected  to  produce  a 
good  crop  of  marketable  roots  where  white  alkali  (sulphates,  chlorids, 
and  bicarbonates)  occurs  in  a  quantity  not  exceeding  the  medium 
grade.  Even  where  the  alkali  is  medium  strong  or  strong,  a  crop  of 
beets  suitable  for  sugar  manufacture  can  sometimes  be  made  if 
favorable  moisture  conditions  are  maintained  and  the  soil  is  not  too 
sandy.  A  much  smaller  quantity  of  black  alkali  will  prevent  a 
crop,  although  sugar  beets  will  apparently  endure  more  sodium  car- 
bonate than  will  the  great  majority  of  crop  plants. 

The  fact  that  the  beet  is  a  cultivated  crop  recommends  it  for 
growing  on  alkali  land,  since  intertillage  is  one  of  the  most  effective 
methods  of  keeping  the  salts  from  accumulating  at  the  surface  of  the 
soil,  provided  the  field  is  cultivated  as  soon  as  possible  after  every 
rainfall  or  irrigation. 

CEREALS. 

The  small  grains  (wheat,  emmer,  barley,  oats,  and  rye)  can  not  be 
recommended  for  land  containing  more  than  weak  alkali  except 
when  grown  as  a  hay  crop  (see  p.  16).  While  the  plants  can  grow  in 
the  presence  of  a  considerable  quantity  of  salts,  the  quality  of  the 
grain  is  likely  to  be  inferior,  the  kernels  being  small  and  more  or  less 
shriveled.     Furthermore,   unless   the   land   is   plowed   immediately 
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after  harvest  un  atx^iinuilutioii  of  salts  at  the  surface  of  the  soil  is 
favortMi,  since  grain  stubble  affords  little  or  no  protection  against 
evaporation  and  the  baking  of  the  soil  surface.  The  land  is  thus 
rendered  less  fit  for  succeeding  crops.  Corn  is  decidedly  sensitive 
and  should  not  be  grown  at  all  on  alkali  land.  Rice,  being  able  to 
endure  a  greiit  deal  of  flooding,  may  be  used  as  a  i-wl  Mnif  ion  ,vnp 
in  regions  having  a  suitable  climate. 

Wheat  for  milling  purposes  should  not  be  grown  in  land  containing 
more  than  weak  white  alkali.  A  good  hay  crop  with  a  fair  yield  of 
grain  can  be  obtained  in  medium  white  alkali  if  the  soil  is  a  loam  or 
clay  lojim  and  the  moisture  conditions  arc  favorable.  If  black  alkali 
is  present,  the  limits  will,  of  course,  be  very  much  lower. 

Emmer  appears  to  have  about  the  same  degree  of  alkali  resistance 
as  wheat. 

Barley  is  more  tolerant  of  alkali.  The  crop  can  be  ^iw,. ..  w» 
medium  white-alkali  land,  although  near  the  upper  limit  of  this 
grade  it  is  unlikely  that  the  high  quality  of  grain  required  for 
brewing  purposes  can  be  obtained.  In  loam  or  clay-loam  soils,  if  a 
favorable  moisture  content  is  maintained,  barley  can  be  grown  as  a 
hay  crop  even  when  the  alkali  reaches  the  medium-strong  grade,  pro- 
vided the  alkali  content  of  the  topsoil  at  the  time  of  seeding  does  not 
exceed  the  medium  grade.  The  limits  in  the  presence  of  black  alkali 
are  much  lower,  although  barley  appears  to  be  decidedly  superior 
to  wheat  in  tolerance  of  sodium  carbonate. 

For  oats,  under  ordinary  conditions  the  medium  grade  of  white 
alkali  is  about  the  limit  for  a  profitable  hay  crop  and  a  fair  yield  of 
grain.  A  full  crop  and  high  (juality  of  grain  can  not  be  expected  if 
the  alkali  exceeds  the  upper  limit  of  the  weak  grade  unless  other 
conditions  are  exceptionally  favorable. 

Rye  is  almost,  if  not  quite,  ecjual  to  barley  in  toleraiiv*  yn  alkali. 
A  fair  crop  of  grain  can  l>e  obtained  in  the  presence  of  the  medium 
grade  of  white  alkali.  Rye  is  w^ell  adapted  for  growing  as  a  green- 
manure  crop  on  alkali  land,  although  a  good  stand  can  not  be  ex- 
pected if  the  topsoil  at  the  time  of  seeding  contains  more  than 
medium  alkali. 

Corn  is  decidedly  more  sensitive  than  the  small  gi..iii-  uiiw  i^  ii.;o 
to  be  recommended  for  alkali  soils.  In  Eg}'pt,  where  extensive  areas 
of  alkali  land  occur  and  where  the  people  have  long  been  familiar 
with  this  problem,  com  is  said  to  fail  on  land  that  will  produce  good 
crops  of  rice  and  cotton.  Experiments  in  the  United  States  indicate 
that  even  where  the  alkali  is  only  of  the  weak  grade  a  good  crop 
of  corn  can  not  be  expected. 

Rice  is  regarded  as  sensitive  to  brackish  water  in  Louisiana  and 
Texas,  but  in  Egypt  it  is  one  of  the  principal  crops  grown  on  alkali 
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land  that  is  being  reclaimed  by  drainage  and  flooding.  A  good  crop 
has  been  observed  in  that  country  where  the  alkali  in  the  soil  (mainly 
sodium  chlorid)  was  of  the  strong  grade  (1  per  cent).  It  does  not 
follow  that  the  rice  plant  is  actually  much  more  resistant  than  other 
cereals,  for  the  frequent  flooding  of  land  under  reclamation  keeps 
the  soil  solution  relatively  dilute  provided  the  irrigation  water  itself 
has  a  low  salt  content.  In  a  recent  publication  of  the  Texas  Agri- 
cultural Experiment  Station  ^  it  is  stated  that  the  irrigation  of  rice 
with  water  containing  as  much  as  0.3  per  cent  of  sodium  chlorid  is 
likely  to  injure  the  crop  and  that  water  containing  as  much  as  0.5 
per  cent  should  never  be  used. 

FIBER  PLANTS. 

Cotton. 

Cotton  is  not  at  present  extensively  grown  in  parts  of  the  United 
States  where  alkali  soils  occur,  but  the  prospects  seem  good  that  it 
will  become  an  important  crop  under  irrigation  in  the  Southwest. 
Cotton  plants  are  decidedly  tolerant  of  alkali,  making  a  fair  growth 
in  the  presence  of  very  strong  alkali  where  sodium  chlorid  is  the 
principal  salt.  But  the  limits  for  a  profitable  crop  are  much  lower, 
since  it  has  been  observed  that  a  quantity  of  alkali  that  is  too  small  to 
appreciably  hinder  the  growth  of  the  plants  has  an  injurious  effect 
upon  the  number  and  size  of  the  bolls  and  retards  their  ripening, 
besides  impairing  the  length  and  fineness  of  the  fiber.  So  far  as  can 
be  judged  from  present  information  it  is  inadvisable  to  grow  Egyp- 
tian and  other  superior  types  of  cotton  where  chlorid  alkali  of  more 
than  the  weak  grade  occurs.  Profitable  crops  of  short-staple  Up- 
land varieties,  in  which  the  quality  of  the  fiber  is  less  important,  may 
very  likely  be  produced  in  the  presence  of  medium  alkali  of  this 
character. 

Cotton,  being  intertilled  while  the  plants  are  young  and  shading 

the  ground  very  effectively  after  the  middle  of  the  summer,  is  a 

desirable  crop  for  moderately  alkali  land  in  the  southern  part  of  the 

arid  region.     This  crop  requires  less  irrigation,  especially  during  the 

early  stages  of  growth,  than  almost  any  other  grown  in  that  region. 

It  is  all  the  more  important,  therefore,  that  thorough  cultivation  be 

given  in  order  to  prevent  the  accumulation  of  the  salts  at  the  surface 

of  the  soil. 

Flax. 

Flax  has  been  observed  in  unirrigated  land  of  North  Dakota  to 
make  a  fair  crop  where  the  surface  foot  of  the  soil  contained  sul- 
phate alkali  of  the  medium  grade,  and  a  good  crop  at  the  lower  limit 
of  this  grade  (0.4  percent).  The  presence  of  an  excessive  quantity  of 
salts  in  the  soil  below  the  first  foot  had  apparently  no  injurious  effect. 

1  Fraps,   G.   S.     The   effect   of   salt  water   on   rice.      Bulletin    122,  Texas   Agricultural 
Experiment  Station,  1909. 
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GARDEN    VEGETABLES    AND   TRUCK    CROPS. 

Only  scanty  tlata  are  availal)lo  for  forming  a  conclusion  as  to  what 
garden  vegetables  are  most  tolerant  of  alUali.  It  is  decidedly  inad- 
visable in  tlie  present  state  of  knowledge  to  grow  any  truck  crop  on  a 
large  scale  in  alkali  soil.     The  following  -  "ons  are   intended 

for  the  farmer  whose  land  contains  more  or  i  jhhI  wlio  di'sirt^s 

to  grow  vegetables  in  a  small  way  for  home  use. 

Aspanigus  is  generally  given  the  first  rank  among  ganltii  vtge- 
tables  in  tolerance  of  alkali  and  when  grown  in  eastern  soils  appears 
to  be  actually  benefited  by  applications  of  common  salt  (sodium 
chlorid).  White  alkali  of  the  medium  grade  doe.s  not  prevent  the 
successful  growing  of  asparagus.  Onions  are  also  reported  to  be 
adapted  to  white-alkali  land  of  the  medium  grade.  Celery  is  said  to 
do  well  in  California  in  the  presence  of  the  weak  grade  of  alkali 
where  sodium  chlorid  is  the  principal  salt. 

Other  truck  crops  which  are  worthy  of  trial  on  alkali  land  of  the 
medium  and  weak  grades,  although  little  is  known  about  their  actual 
degree  of  resistance,  are  the  globe  artichoke,  the  beet,  cabbage,  cauli- 
flower, celery,  eggplant,  kale,  spinach,  sweet  potato,  and  watermelon. 

Irish  potato  plants  make  a  fair  growth  in  the  presence  of  white 
alkali  of  the  medium  grade,  but  the  tubei-s  produced  are  too  small  to 
be  marketable.  ^Vliere  the  alkali  is  near  the  lower  limit  of  the  weak 
grade,  potatoes  of  good  quality  can  doubtless  be  produced. 

TREES  AND  SHRUBS. 

It  is  extremely  difficult  to  determine  the  limits  of  the  alkali  resis- 
tance of  trees,  since,  in  addition  to  the  quantity  and  kind  of  salts, 
the  depth  of  soil  in  which  the  alkali  is  located  must  be  cx)nsidered  in 
connection  with  the  different  kinds  of  root  systems  possessed  by  the 
different  species  of  trees.  A  high  water  table,  which  is  often  asso- 
ciated with  the  presence  of  alkali,  is  very  injurious  to  most  woody 
plants. 

Fruit  Trees  and  Grapes. 

In  addition  to  the  mattei*s  already  mentioned,  the  effect  of  the  salts 
upon  the  keeping  quality  and  flavor  of  the  fruit  can  not  be  overlooked 
in  the  case  of  orchard  crops.  It  can  only  be  said  in  a  general  way 
that  strong  alkali  soils  should  be  avoided  in  planting  fruit  trees, 
except  the  date  palm  and  the  pomegranate,  which  will  tolerate  con- 
siderable quantities  of  salts.  The  pear  and  the  fig  are  also  fairly 
resistant  so  far  as  concerns  the  growth  of  the  trees,  but  the  quality 
of  the  fruit  suff«'r^  if  Tnore  than  a  veiy  limited  quantity  of  alkali  is 
present. 

The  various  stone  fruits  (plum,  peach,  apricot,  cherr}%  etc.)  are 
considered  sensitive  to  alkali.  The  same  is  true  of  the  orange,  lemon, 
and  other  citrus  fruits  and  of  the  English  walnut 
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Grapes  of  the  European  class  (Vitis  vinifera)  may  be  expected  to 
ripen  fruit  of  good  quality,  except  for  raisin  making,  wherever  the 
quantity  of  alkali  present  is  not  sufficient  to  injure  the  vines  them- 
selves. 

Ornamental  and  Shade  Trees. 

The  cottonwoods,  so  extensively  planted  along  roads  and  ditches 
and  about  houses  in  the  western  United  States,  appear  to  be  fairly 
tolerant  of  alkali.  Populus  fremonti  is  said  to  be  the  species  best 
adapted  to  such  land.  The  black  locust,  honey  locust,  and  Russian 
mulberry  are  also  reported  to  be  suitable  for  planting  on  soil  contain- 
ing only  a  moderate  quantity  of  alkali.  In  portions  of  the  Southwest 
having  a  mild  winter  the  list  of  trees  that  are  likely  to  succeed  in  such 
land  can  be  extended  to  include  the  umbrella  or  china -berry  tree 
(Melia  azedarach)^  the  Japanese  varnish  tree  (Koelreuteria),  the 
European  plane  tree  {Platcuwus  orientalis),  the  oleander,  the  Aus- 
tralian beefwoods  (species  of  Casuarina),  the  Washingtonia  palm, 
and  the  date  palm.  The  Canary  Island  palm  {Phoenix  cananensis) ,  a 
near  relative  of  the  date  palm,  is  also  probably  tolerant  of  alkali.  Of 
the  species  of  eucalyptus  the  California  Agricultural  Experiment 
Station  considers  the  red  gum  (Eucalyptus  rostrata)  and  the  gray 
gum  {E,  tei^eticornis)  as  the  best  adapted  to  alkali  soils,  while  the 
blue  gum  {E.  globulus)  appears  to  be  the  most  sensitive  of  the  species 

tested. 

Hedges  and  Windbreaks. 

Of  the  shrubs  and  small  trees  suitable  for  hedges  and  windbreaks 
the  Russian  olive  is  one  of  the  species  that  can  best  endure  the  pres- 
ence of  a  moderate  quantity  of  salts.  Golden  willow  is  also  probably 
worth  testing  in  regions  having  a  severe  winter.  In  the  Southwest 
the  pomegranate  and  tamarisk  {Tamarix  gallica)^  both  of  which  are 
decidedly  alkali  resistant,  are  excellent  hedge  plants.  The  latter  is 
hardy  as  far  north  as  central-w^estern  Nevada.  Some  of  the  larger 
growling  saltbushes  are  very  tolerant  of  alkali  and  make  good  hedges. 
Atriplex  hreweri  is  already  in  use  as  a  hedge  plant  in  the  coast  region 
of  California  and  Atriplex  lentifo'twiis  is  recommended  for  the  pur- 
pose in  Arizona.^ 

CONCLUSIONS. 

The  principal  conclusions  reached  in  regard  to  the  adaptability  of 
different  crop  plants  to  alkali  soils  and  the  choice  of  crops  for  land 
of  this  character  may  be  summed  up  as  follows: 

(1)  All  useful  plants  are  extremely  sensitive  to  black  alkali,  and 
the  conclusions  stated  in  the  following  paragraphs  do  not  apply  in 
case  an  appreciable  quantity  of  sodium  carbonate  is  present. 

(2)  Practically  none  of  the  important  field  crop  plants  can  be 
profitably  grown  where  the  quantity  of  white  alkali  salts  (sulphates, 

1  See  Griffiths,  David,  "  The  Ornamental  Value  of  the  Saltbushes,"  Circular  69,  Bureau 
of  Plant  Industry,  1910. 
446 


THE   CHOICE  OF   CROTO   FOR   ALKAU   LAND.  31 

bicarbonates,  and  chlorids)  in  the  depth  occupied  by  the  roots  exceeds 
I  per  cent  of  the  dry  \vei<rht  of  tJie  soil.    Only  a  few  decidedly  r* 
an<   ^pociee  can  be  expected  to  give  good  crops  where  Mw  mii 
e\     r  1    one-half  of  1  per  cent 

(3)  Forage  plants,  e.*<pecially  such  as  are  grown  chiefly  for  hay  and 
pasturage  rather  than  for  sei^.]  Tiio.lnrf  Iotu  uw  usually  to  be  preferred 
for  growing  in  alkali  land. 

(4)  Many  of  the  standard  lueiidow  and  pasture  grasses  can  be  suc- 
cessfully grown  where  the  quantity  of  alkali  within  reach  of  the 
plant  roots  fonns  from  one-half  of  1  per  cent  to  1  per  cent  (0.5  to  1 
I>er  c4>nt)  of  the  dry  weight  of  the  soil.  But  a  good  stand  of  these 
small-seeded  plants  can  lx»  obtained  only  if  most  of  the  alkali  has 
l)een  leticJied  out  of  the  surface  soil  at  the  time  of  seeding.  This  may 
be  accx>mplished  by  flooding,  or  the  seeding  may  be  done  immediately 
after  heavy  rains. 

(5)  Subirrigated  alkali  land  having  a  high  water  table  can  be 
utilized  by  seeding  to  meadow  and  pasture  grasses,  most  of  which 
have  shallow  roots. 

(6)  Foxtail  millet,  rape,  kale,  and  sorgo,  as  well  as  barley  and  rye, 
when  grown  for  hay,  will  often  give  fair  yields  if  the  quantity  of 
alkali  does  not  exceed  the  upper  limit  of  the  medium-strong  grade 
(0.8  per  cent). 

(7)  Certain  leguminous  forage  plants,  notably  alfalfa,  Canada 
field  peas,  sweet  clover,  and  vetches,  should  give  a  fair  yield  where 
ihe  alkali  is  not  above  the  medium  grade  (about  0.5  per  cent).  Suc- 
cess with  these  crops  depends  largely  upon  planting  at  a  time  when 
the  surface  soil  is  relatively  free  from  salt. 

(8)  Alkali  soils  which  have  a  tendency  to  puddle  and  form  a  hard 
crust  on  the  surface  can  be  improved  by  plowing  under  green-manure 
crops  where  an}'  such  crop  can  be  grown.  This  practice  loosens  the 
soil,  facilitating  the  penetration  of  water  and  hence  the  leaching  out 
of  the  salts.  Good  crops  for  this  purpose  arc  sorgo,  millet,  barley, 
rye,  rape,  and  kale,  where  the  alkali  is  me<lium  strong  or  medium; 
and  vetches,  Canada  field  peas,  horse  beans,  and  sweet  clover,  where 
the  alkali  is  weak. 

(9)  For  alkali  land  that  is  being  reclaimed  by  flooding*  sorgo  is 
probably  the  most  satisfactory  cat<;h  crop  that  can  be  grown  during 
the  progress  of  the  work.  In  regions  where  the  climate  is  suitable 
for  its  culture,  rice  is  a  good  crop  for  this  purpose,  and  the  same  is 
true  of  berseem  (Egj^ptian  clover)  in  localities  having  a  mild  winter. 
Vll  of  these  crops  can  endure  frequent  and  heavy  applications  of  water. 

(10)  The  sugar  beet  is  the  most  resistant  of  the  important  crop 
plants  of  the  western  United  States,  but  the  quality  of  the  roots  for 
sugar  manufacture  is  unpaired  by  a  quantity  of  alkali  that  does  not 
hinder  the  growth  of  the  plants.  In  the  presence  of  the  medium 
grade  of  white   alkali   a    profitable  crop   of  beets   may   usually  be 
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expected,  and  if  other  conditions  are  exceptionally  favorable  as  much 
as  1  per  cent  of  salts  can  be  tolerated.  One-half  of  1  per  cent  in  the 
surface  soil  at  the  time  of  seeding  is  about  the  limit  for  getting  a  stand. 
Beets,  being  an  intertilled  crop,  are  well  adapted  for  preventing  an 
accumulation  of  salts  at  the  surface  of  the  soil,  provided  a  cultivation 
is  given  as  soon  as  possible  after  every  rainfall  and  irrigation. 

(11)  Of  the  cereals,  barley,  rye,  oats,  wheat,  and  ennner  are  fairly 
tolerant  of  alkali  so  far  as  the  plants  are  concerned,  but  the  presence 
of  more  than  the  weak  grade  usually  prevents  the  production  of  well- 
filled  heads  and  plump  grain.  If  grown  in  alkali  land  the  stubble 
should  be  disked  or  plowed  in  immediately  after  harvest  in  order  to 
prevent  the  baking  of  the  ground  and  the  consequent  accumulation 
of  salts  at  the  surface.  Barley  and  rye  are  somewhat  more  resistant 
than  the  other  species  and  may  be  expected  to  give  a  hay  crop  in  the 
presence  of  medium  alkali  and  sometimes  even  of  medium-strong 
alkali.  Corn  is  much  more  sensitive  than  the  small  grains  and  should 
not  be  planted  on  alkali  land. 

( 12)  Cotton  is  decidedly  resistant  so  far  as  the  growth  of  the  plants 
is  concerned,  but  good  yields  of  fiber  can  not  be  expected  where  the 
alkali  exceeds  the  medium  grade.  Egyptian  and  other  long-staple 
types  in  which  a  high  grade  of  fiber  is  required  should  not  be  grown 
in  the  presence  of  more  than  w^eak  alkali. 

(13)  None  of  the  truck  crops  and  garden  vegetables  can  at  present 
be  recommended  for  extensive  planting  on  alkali  land.  Where  it  is 
desired  to  grow  vegetables  in  a  small  way  for  home  use,  asparagus, 
onions,  celery,  beets,  spinach,  cabbage,  cauliflower,  kale,  eggplant, 
tomatoes,  sweet  potatoes,  and  watermelons  may  be  tested.  Of  these, 
asparagus  and  onions  are  the  most  likely  to  succeed  on  land  contain- 
ing as  much  as  the  medium  grade  of  alkali. 

(14)  Of  fruit  trees,  only  the  date  palm  and  pomegranate  do  well 
on  strong  alkali  land.  If  the  total  salts  present  do  not  exceed  the 
lower  limit  of  the  medium  grade  (0.4  per  cent),  pears,  figs,  and 
grapes  of  the  European  type  (Vinifera)  are  likely  to  thrive  and  bear 
fruit  of  fair  quality. 

(15)  The  following  shade  and  ornamental  trees  are  reported  to 
be  successful  in  moderately  alkali  land:  Cottonwood,  black  locust, 
honey  locust,  and  Eussian  mulberry.  Of  trees  adapted  only  to 
regions  having  a  mild  winter  the  date  palm  and  Washingtonia  palm 
can  tolerate  considerable  alkali,  and  the  umbrella  tree,  European 
plane  tree,  Japanese  varnish  tree,  and  some  species  of  eucalyptus  are 
also  said  to  be  fairly  resistant. 

(16)  Of  shrubs  suitable  for  hedges  and  windbreaks  in  alkali  land, 
Eussian  olive  and  possibly  golden  willow,  in  districts  having  a  severe 
winter,  and  tamarisk,  pomegranate,  and  the  large-growing  salt-bushes, 
in  milder  regions,  are  the  most  likely  to  give  satisfactory  results. 
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Respectfully, 

L.  O.  Howard, 
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447 

2 


CUi\  1  hA  i:^ 


I  iiinxiuition > 

1  <  K*at  ion  of  the  apiary •  i 

Equipmont  in  apparutUH.  ' 

Workshop '• 

Hives 9 

Hivo  Htandf^  II 

Othor  apparatu^^.  11 

lOqiiipment  in  bees 12 

Uk*  behavior 15 

1  >irections  for  general  manipulationH 19 

Transferring 22 

Uniting 24 

Preventing  robbing  in  the  apiary 25 

Feeding 26 

-  [  >ring  management 20 

-  wann  management  and  increase. . .  29 

Artificial  swarming 31 

Prevention  of  swarming 32 

Preparation  for  the  harvest 33 

Phe  production  of  honey 33 

Extracted  honey 34 

Comb  honey 30 

The  production  of  wax 39 

Preparations  for  winter! iit: 10 

> iseases  and  enemies .  j 

Jeneral  information 

Breeders  of  queens I 

Introducing  queens 1 

Dealers  in  bee  keepers'  8uppli<v-  , 

Bee  keepers'  associations . .  15 

Laws  affecting  beekeeping  45 

Disease  inspection 15 

Laws  against  spraying  fruit  trees  while  in  hlo<iii  JG 

Laws  against  the  adulteration  of  hon«  4G 

When  bees  are  a  nuisance 46 

Supposed  injury  of  crops  by  bees 46 

Journals  and  books  on  beekeeping 46 

Publications  of  the  Department  of  Agriculture  on  beekeeping  47 
447 


L  L  U  S  T  R  A  T  1  0  N  S . 


Page. 

Fig.  1.  A  well-arranged  apiary 7 

2.  A  ten-frame  hive  with  comb-honey  super  and  perforated  zinc  queen 

excluder 10 

3.  Smoker 11 

4.  Bee  veil  with  silk-tulle  front 11 

5.  Hive  tools 12 

6.  Drone  and  queen  trap  on  hive  entrance 12 

7.  Bee  escape  for  removing  bees  from  supers 13 

8.  Spring  bee  escape 13 

9.  Bee  brush 14 

10.  Worker,  queen,  and  drone 16 

11.  Comb  architecture 17 

12.  Egg,  larvae,  and  pupa 18 

13.  Queen  celb 18 

14.  Handling  the  frame :  First  position 21 

15.  Handling  the  frame :  Second  position 21 

16.  Handling  the  frame :  Third  position 22 

17.  Division-board  feeder  to  be  hung  in  hive  in  place  of  frame 27 

18.  Feeder  set  in  collar  under  hive  body 27 

19.  "  Pepper  box  "  feeder  for  use  on  top  of  frames 28 

20.  Pan  in  super  arranged  for  feeding 28 

21.  Knives  for  uncapping  honey 34 

22.  Honey  extractor 35 

23.  Perforated  zinc  queen  excluder 38 

24.  Shipping  cases  for  comb  honey 38 

25.  Queen  mailing  cage 45 

447 
4 


I3T]Ti;S. 


INTRODUCTION. 

Bookeei)inj»  for  pleasure  and  profit  is  carried  on  by  many  thou- 

iiids  of  i)eopIe  in  all  parts  of  the  United  States.     As  a  rule,  it  is 

>t  the  solo  occupation.  There  are,  however,  many  places  where  an 
\perienced  bee  keeper  can  make  a  good  living  by  devoting  his  entire 
time  and  attention  to  this  line  of  work.  It  is  usually  unwise  to 
undertake  extensive  beekeeping  \nthout  considerable  j)rcvious  expe- 
rience on  a  small  scale,  since  there  are  so  many  minor  details  which 
go  to  make  up  success  in  the  work.  It  is  a  good  plan  to  begin  on 
a  small  scale,  make  the  bees  pay  for  themselves  and  for  all  addi- 
tional apparatus,  as  well  as  some  profit,  and  gradually  to  increase 
as  far  as  the  local  conditions  or  the  desires  of  the  individual  permit. 

Bee  culture  is  the  means  of  obtaining  for  human  use  a  natural 
product  wluch  is  abundant  in  almost  all  parts  of  the  country,  and 
which  would  be  lost  to  us  were  it  not  for  the  honey  bee.  The  annual 
production  of  honey  and  wax  in  the  United  States  makes  apiculture 
a  profitable  minor  industry  of  the  country.  From  its  very  nature 
it  can  never  become  one  of  the  leading  agricultural  pursuits,  but  that 
there  is  abundant  opportunity  for  its  growth  can  not  be  doubted. 
Not  only  is  the  honey  bee  valuable  as  a  producer,  but  it  is  also  one 
f  the  most  beneficial  of  insects  in  cross-pollinating  the  flowers  of 
.  iirious  economic  plants. 

Beekeeping  is  also  extremely  fascinating  to  the  majority  of  people 
JUS  a  pastime,  furnishing  outdoor  exercise  as  well  as  intimacy  with  an 
Misect  whose  activity  has  been  a  subject  of  absorbing  study  from  the 

irliest  times.  It  has  the  advantage  of  being  a  recreation  which 
pays  its  (/wii  way  and  often  produces  no  mean  profit. 

It  is  a  mistake,  however,  to  paint  only  the  bright  side  of  the  pic- 
ture and  leave  it  to  the  new  bee  keeper  to  discover  that  there  is  often 
another  side.  Wliere  any  financial  profit  is  derived,  beekeeping 
requires  hard  work  and  work  at  just  the  proper  time,  otherwise  the 
surplus  of  honey  may  be  diminished  or  lost.  Few  lines  of  work 
require  more  study  to  insure  success.  In  ycai-s  when  the  available 
nectar  is  lhnit<»d,  surplus  honey  is  secured  only  by  judicious  manipu- 
lations, and  it  is  only  through  considerable  experience  and  often  by 
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expensive  reverses  that  the  bee  keeper  is  able  to  manipulate  properly 
to  save  liis  crop.  Anyone  can  produce  honey  in  seasons  of  plenty, 
but  these  do  not  come  every  year  in  most  locations,  and  it  takes  a 
good  bee  keeper  to  make  the  most  of  poor  years.  Wlien,  even  with 
the  best  of  manipulations,  the  crop  is  a  failure  through  lack  of  nectar, 
the  bees  must  be  fed  to  keep  them  from  starvation. 

The  average  annual  honey  yield  per  colony  for  the  entire  country, 
under  good  management,  will  probably  be  25  to  30  pounds  of  comb 
honey  or  40  to  50  pounds  of  extracted  honey.  The  money  return 
to  be  obtained  from  the  crop  depends  entirely  on  the  market  and  the 
method  of  selling  the  honey.  If  sold  direct  to  the  consumer,  extracted 
honey  brings  from  10  to  20  cents  per  pound,  and  comb  honey  from 
15  to  25  cents  per  section.  If  sold  to  dealers,  the  price  varies  from 
6  to  10  cents  for  extracted  honey  and  from  10  to  15  cents  for  comb 
honey.  AU  of  these  estimates  depend  largely  on  the  quality  and 
neatness  of  the  product.  From  the  gross  return  must  be  deducted 
from  50  cents  to  $1  per  colony  for  expenses  other  than  labor,  includ- 
ing foundation,  sections,  occasional  new  frames  and  hives,  and  other 
incidentals.  This  estimate  of  expense  does  not  include  the  cost  of 
new  hives  and  other  apparatus  needed  in  providing  for  increase  in  the 
size  of  the  apiary. 

Above  all  it  should  be  emphasized  that  the  only  way  to  make  bee- 
keeping a  profitable  business  is  to  produce  only  a  first-class  article. 
We  can  not  control  wliat  the  bees  bring  to  the  hive  to  any  great 
extent,  but  by  proper  manipulations  we  can  get  them  to  produce 
fancy  comb  honey,  or  if  extracted  honey  is  produced  it  can  be  care- 
fully cared  for  and  neatly  packed  to  appeal  to  the  fancy  trade.  Too 
many  bee  keepers,  in  fact,  the  majority,  pay  too  little  attention  to 
making  their  goods  attractive.  They  should  recognize  the  fact  that 
of  two  jars  of  honey,  one  in  an  ordinary  fruit  jar  or  tin  can  with  a 
poorly  printed  label,  and  the  other  in  a  neat  glass  jar  of  artistic  design 
with  a  pleasing,  attractive  label,  the  latter  will  bring  double  or  more 
the  extra  cost  of  the  better  package.  It  is  perhaps  unfortunate,  but 
nevertheless  a  fact,  that  honey  sells  largely  on  appearance,  and  a 
progressive  bee  keeper  will  appeal  as  strongly  as  possible  to  the  eye 
of  his  customer. 

LOCATION   OF   THE  APIARY. 

In  choosing  a  section  .in  which  to  keep  bees  on  an  extensive  scale 
it  is  essential  that  the  resources  of  the  country  be  known.  Beekeep- 
ing is  more  or  less  profitable  in  almost  all  parts  of  the  United  States, 
but  it  is  not  profitable  to  practice  extensive  beekeeping  in  localities 
where  the  plants  do  not  yield  nectar  in  large  quantities.  A  man  who 
desires  to  make  honey  production  his  business  may  find  that  it  does 
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IKU  pnv  lo  in« KMisr  H\v  jipuiiirs  iii  iiis  jMrsciK  mcntKm.  it  may  l)C» 
hott(M*  to  in<»V(»  to  MTiothfM*  ]>Mrt  of  tlu*  ronntry  wljoro  luvtnr  i*<  Tiion* 
nl)uu(lnnt. 

The  location  ()i    t  nc   im  cs   is  a    inaiici    ni   coiiskici  anir   iiiijk  ijl  aiici*. 

As  a  rulo  it  is  bettor  for  hives  to  face  away  from  the  j)revaihM^  wind 
and  to  bo  prot45cto(l  from  high  winds.  In  the  North,  a  south  slope 
is  desirable.  It  is  a<lvisable  for  hives  to  be  so  placed  that  the  sun 
will  strike  them  early  in  the  morning,  so  that  the  bees  become  active 
early  in  the  day,  and  thus  gain  an  advantage  by  getting  the  first  sup- 
ph^  of  nectar.  It  is  also  advantageous  to  have  the  hive,s  shaded 
during  the  hottest  part  of  the  day,  so  that  the  bees  will  not  hangout  in 
front  of  the  hive  inst^^ad  of  working.    They  should  bo  so  placed  that 


' 

1 

^^V^ 
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-1. 

Fio.  1.— A  well-arranged  apiary. 

the  bees  will  not  prove  a  nuisance  to  passers-by  or  disturb  live  stock. 
This  latter  precaution  ma^^  save  the  bee  keeper  considerable  trouble, 
for  bees  sometimes  prove  dangerous,  especially  to  horses.  Bees  are 
also  sometimes  annoying  in  the  early  spring,  for  on  their  first  flights 
they  sometimes  spot  clothes  hung  out  to  dry.  This  may  be  remedied 
by  having  the  apiary  some  distance  from  the  clothes-drying  yard,  or 
by  removing  the  bees  from  the  cellars  on  days  when  no  clothes  nre  to 
be  hung  out. 

The  plot  on    which    the    1iim>    ali-   jiiart-.i    should    be    ki|M    m-i-    imm 

weeds,  especially  in  front  of  the  entrances.  The  grass  may  be  cut 
with  a  lawn  mower,  but  it  will  often  be  found  more  convenient  and  as 
efTicient  to  pasture  one  or  more  head  of  sheep  in  the  apiary  inclosure. 
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The  hives  should  be  far  enough  apart  to  permit  of  free  manipu- 
lation. If  hives  are  too  close  together  there  is  danger  of  bees  entering 
the  wrong  hive  on  returning,  especially  in  the  spring. 

These  conditions,  which  may  be  considered  as  ideal,  need  not  all 
be  followed.  When  necessary,  bees  may  be  kept  on  housetops,  in 
the  back  part  of  city  lots,  in  the  woods,  or  in  many  other  places 
where  the  ideal  conditions  are  not  found.  As  a  matter  of  fact,  few 
apiaries  are  perfectly  located;  nevertheless,  the  location  should  be 
tarefully  planned,  especially  when  a  large  number  of  colonies  are 
kept  primarily  for  profit. 

As  a  rule,  it  is  not  considered  best  ta  keep  more  than  1 00  colonies 
in  one  apiary,  and  apiaries  should  be  at  least  2  miles  apart.  There 
are  so  many  factors  to  be  considered,  however,  that  no  general  rule 
can  be  laid  down.  The  only  way  to  learn  how  many  colonies  any 
given  locality  will  sustain  is  to  study  the  honey  flora  and  the  record  of 
that  place  until  the  bee  keeper  can  decide  for  himself  the  best  number 
to  be  kept  and  where  they  shall  be  placed. 

The  experience  of  a  relatively  small  number  of  good  bee  keepers 
in  keeping  unusually  large  apiaries  indicates  that  the  capabilities  of 
the  average  locality  are  usually  underestimated.  The  determination 
of  the  size  of  extensive  apiaries  is  worthy  of  considerable  study,  for 
it  is  obviously  desirable  to  keep  bees  in  as  few  places  as  possible,  to 
save  time  in  going  to  them  and  also  expense  in  duplicated  apparatus. 
To  the  majority  of  bee  keepers  this  problem  is  not  important,  for 
most  persons  keep  but  a  small  number  of  colonies.  This  is  perhaps 
a  misfortune  to  the  industry  as  a  whole,  for  with  fewer  apiaries  of 
larger  size  under  the  management  of  careful,  trained  bee  keepers  the 
honey  production  of  the  country  would  be  marvelously  increased. 
For  this  reason,  professional  bee  keepers  are  not  favorably  inclined 
to  the  making  of  thousands  of  amateurs,  who  often  spoil  the  location 
for  the  honey  producer  and  more  often  spoil  his  market  by  the  inju- 
dicious selling  of  honey  for  less  than  it  is  worth  or  by  putting  an 
inferior  article  on  the  market. 

Out  apiaries,  or  those  located  away  from  the  main  apiary,  should 
be  so  located  that  transportation  will  be  as  easy  as  possible.  The 
primary  consideration,  however,  must  be  the  available  nectar  supply 
and  the  number  of  colonies  of  bees  already  near  enough  to  draw 
on  the  resources.  The  out  apiary  should  also  be  near  to  some  friendly 
person,  so  that  it  may  be  protected  against  depredation  and  so 
that  the  owner  may  be  notified  if  anything  goes  wrong.  It  is  espe- 
cially desirable  to  have  it  in  the  partial  care  of  some  person  who 
can  hive  swarms  or  do  other  similar  things  that  may  arise  in  an 
emergency.  The  terms  under  which  the  apiary  is  placed  on  land 
belonging  to  some  one  else  is  a  matter  for  mutual  agreement.  There 
is  no  general  usage  in  this  regard. 
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EQUIPMENT   IN   APPARATUS. 

It  can  not  bo  insistod  too  stron^^ly  that  the  only  prolital>Io  way  to 
keep  bees  is  in  hives  with  movable  frames.  The  bet»s  build  their 
combs  in  these  frames,  which  can  thea  be  manipulated  by  the  bee 
keeper  as  necessary.  The  koopinp;  of  bees  in  boxes,  hollow  loj^,  or 
straw  *'skeps"  is  not  prolitable,  is  often  a  menace  to  progressive  boe 
keepers,  and  should  be  strongly  condemned.  Bees  in  box  liivo3 
(plain  boxes  with  no  frames  and  wnth  combs  built  at  the  will  of  the 
bees)  are  too  often  seen  in  all  parts  of  the  country.  The  owners  may 
obtain  from  them  a  few  pounds  of  inferior  honey  a  year  and  care- 
lessly continue  in  the  antiquated  practice.  In  some  cases  this  type 
of  beekeeping  does  littlo  harm  to  others,  but  where  disctuses  of  the 
brood  are  present  the  box  hive  is  a  serious  nuisance  and  should  be 
abolished. 

WORKSHOP. 

It  is  desirable  to  have  a  w^orkshop  in  the  apiary  where  the  crop 
may  be  cared  for  and  supplies  may  be  prepared.  If  the  ground  on 
which  the  hives  are  located  is  not  level,  it  is  usually  better  to  have 
the  shop  on  the  lower  side  so  that  the  heavier  loads  will  be  carried 
down  grade.  The  windows  and  doors  should  be  screened  to  prevent 
the  entrance  of  bees.  The  wire  cloth  should  be  placed  on  the  outside 
of  the  window  frames  and  should  be  extended  about  6  inches  above 
the  opening.  This  upper  border  should  be  held  away  from  the 
frame  with  narrow  wooden  strips  one-fourth  inch  in  thickness  so  as 
to  provide  exits  for  bees  which  accidentally  get  into  the  house.  Bees 
do  not  enter  at  such  openings,  and  any  bees  wliich  are  carried  into 
the  house  fly  at  once  to  the  windows  and  then  crawl  upward,  soon 
clearing  the  house  of  all  bees.  The  windows  should  be  so  arranged 
that  the  glass  may  be  slid  entirely  away  from  the  openings  to  prevent 
bees  from  being  imprisoned.  The  equipment  of  benches  and  racks 
for  tools  and  su{)plies  can  be  arranged  tis  is  best  suited  to  the  house. 
It  is  a  good  plan  to  provide  racks  for  surplus  combs,  the  combs  being 
hung  from  strips  separated  the  distance^  of  the  inside  length  of  the 
hive. 

HIVES. 

It  is  not  the  purjiose  of  tliis  bulletin  to  advocate  the  use  of  any 
particular  make  of  hive  or  other  apparatus.  Some  general  state- 
ments may  be  made,  however,  which  may  help  the  beginner  in  his 
choice. 

The  type  of  hive  most  generally  used  in  this  country  (fig.  2)  was 
invented  by  Langstroth  in  1851.  It  consists  of  a  plain  wooden  box 
holding  frames  hung  from  a  rabbet  at  the  top  and  not  touching 
the  sides,  top,  or  bottom.  Hives  of  this  type  are  made  to  hold  eight, 
ten,  or  more  frames.  The  size  of  frame  in  general  use,  known  as  the 
86707»— Bull.  447—11 2 
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Langstroth  (or  L)  frame  (9J  by  17f  inches),  is  more  widely  used 
than  ah  others  combined.  One  of  the  best  features  in  hive  manu- 
facture developed  by  Langstroth  is  the  making  of  the  spaces  be- 
tween frames,  side  walls,  and  supers  accurately,  so  that  there  is 
just  room  for  the  easy  passage  of  bees.  In  a  space  of  this  size 
(called  a  ''bee  space";  bees  rarely  build  comb  or  deposit  propolis. 

The  number  of  frames  used 
depends  on  the  kind  of  honey 
produced  (whether  comb  or 
extracted)  and  on  the  length 
of  honey  flow  and  other  local 
factors.  There  are  other 
hives  used  which  have  points 
of  superiority.  These  will  be 
found  discussed  in  the  va- 
rious books  on  beekeeping 
and  in  the  catalogues  of  deal- 
ers in  bee  keepers'  supplies. 
Whatever  hive  is  chosen, 
there  are  certain  important 
points  which  should  be  in- 
sisted on.  The  material 
should  be  of  the  best;  the 
parts  must  be  accurately 
made,  so  that  all  frames  or 
hives  in  the  apiary  are  inter- 
changeable. All  hives  should 
be  of  the  same  style  arid  size ; 
they  should  be  as  simple  as 
it  is  possible  to  make  them, 
to  facilitate  operation.  Sim- 
ple frames  diminish  the 
amount  of  propolis,  which 
will  interfere  with  manipu- 
lation. As  a  rule,  it  is  bet- 
ter to  buy  hives  and  frames 
from  a  manufacturer  of  such 
goods  rather  than  to  try  to 
make  them,  unless  one  is  an  expert  woodworker. 

The  choice  of  a  hive,  while  important,  is  usually  given  undue 
prominence  in  books  on  bees.  In  actual  practice  experienced  bee 
keepers  with  different  sizes  and  makes  of  hives  under  similar  condi- 
tions do  not  find  as  much  difference  in  their  honey  crop  as  one  would 
be  led  to  believe  from  the  various  published  accounts, 

447 


Fig.  2. 


A  lO-frame  hive  with  comb-honey  super  and 
perforated  zinc  queen  excluder. 


BEES. 


1  1 


Fig.  3.— Suiokcr. 


Hives  shouKl   1)0  piiintod   to  protect  thein  from  the  weal  In  r.      It, 
is  usually  desirable  to  use  whitr   imint    to  prevent   cxcrssivo  lical  in 
the   eoiony   durinp;  hot  weath< 
Other  lijrl^t  eolors  are  satisfactoi  \ .       r*^^ 
but  it  is  best  to  avoid  red  or  black.       V  -i 

HIVE    STANDS. 

Cii'iit  rally  it  is  best  to  have  each 
hive  on  a  separate  stand.  The 
entrance  should  be  lower  than  any 
other  part  of  the  hive.  Stands  of 
wood,  bricks,  tile  (figj.  2),  concrete 
blocks,  or  any  other  convenient 
material  will  answer  the  j)urpose. 
The  hive  should  be  raised  above 
the  jrround,  so  that  the  bottom 
will  not  rot.  It  is  usually  not  nec- 
essary to  raise  the  hive  more  than  a  few  inches.  Where  ants  are  a 
nuisance  special  liive  stands  are  sometimes  necessary. 

OTHER    APPARATUS. 

In  addition  to  the  hives  in  which  the  bees  are  kept  some  other 
apparatus  is  necessary.     A  good  smoker  to  quiet  the  bees  {W^.  3), 

consisting  of  a  tin  or  copper 
receptacle  to  hold  burning 
rotten  wood  or  other  nnite- 
rial,  with  a  bellow^s  attached, 
is  indispensable.  A  veil  of 
black  nniterial,  prefera]>ly 
with  a  black  silk-tulle  front 
(fig.4),shouldbeu.sed.  Black 
wire-cloth  veils  are  aLso  ex- 
cellent. Even  if  a  veil  is  not 
always  used,  it  is  dasirable 
to  have  one  at  hand  in  ca.se 
the  bees  become  cross.  Cloth 
or  leather  gloves  are  some- 
times used  to  protect  the 
hands,  but  they  hinder  most 
manipulations.  Some  sort  of 
tool  (fig.  5)  to  j)ry  hive  cov- 
ers loose  and  frames  apart 
is  desirable.  A  screwdriver  wall  answer,  but  any  of  the  tools  made 
especially    foi-    that   purpose    is   perhaps   better.      Division   boards 
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drone  traps  (fig.  6),  bee  escapes  (figs.  7  and  8)^  feeders  (figs.  17,  18, 19, 
20),  foundation  fasteners,  wax  extractors,  bee  brushes  (fig.  9),  queen- 
rearing  outfits,  and  apparatus  for  producing  comb  or  extracted  honey 
(figs.  2,  21,  22)  will  be  found  described  in  catalogues  of  supplies;  a 
full  discussion  of  these  implements  would  require  too  much  space  in  this 

bulletin.  A  few  of  these  things  are  illustrated, 
and  their  use  mil  be  evident  to  the  bee  keeper. 
It  is  best  to  have  the  frames  filled  with  foun- 
dation to  insure  straight  combs  composed 
of  worker  cells  only.  Foundation  is  made 
from  thin  sheets  of  pure  beeswax  on  which 
are  impressed  the  bases  of  the  cells  of  the 
comb.  On  this  as  a  guide  the  worker  bees 
construct  the  combs.  Wlien  sheets  of  foun- 
dation are  inserted  they  should  be  sup- 
ported by  wires  stretched  across  the  frames. 
Frames  purchased  from  supply  dealers  are 
usually  pierced  for  wiring.  It  should  be 
remembered  that  manipulation  based  on  a 
knowledge  of  bee  behavior  is  of  far  greater 
importance  than  any  particular  style  of  apparatus.  In  a  short  dis- 
cussion like  the  present  it  is  best  to  omit  descriptions  of  appliances, 
since  supply  dealers  will  be  glad  to  furnish  whatever  information  is 
desired  concerning  apparatus. 


Fig.  5.— Hive  tools. 


EQUIPMENT   IN  BEES. 

As  stated  previously,  it  is  desirable  to  begin  beekeeping  with  a 
small  number  of  colonies.      In  purchasing  these  it  is  usually  best 

to  obtain  them  near  at 
home  rather  than  to 
send  to  a  distance,  for 
there  is  considerable  lia- 
bility of  loss  in  ship- 
ment. Whenever  pos- 
sible it  is  better  to  get 
bees   already  domiciled 

-Drone  and  queen  trap  on  hive  entrance.  -^^    ^^^    particular     liive 

chosen  by  the  bee  keeper,  but  if  this  is  not  practicable  then  bees  in 
any  hives  or  in  box  hives  may  be  purchased  and  transferred.  It  is  a 
matter  of  small  importance  what  race  of  bees  is  purchased,  for  queens 
of  any  race  may  be  obtained  and  introduced  in  place  of  the  original 
queen,  and  in  a  short  time  the  workers  will   all  be  of  the  same 
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race  as  the  introduced  (jikhmi.  Tliis  is  nur  lo  tho  fart  tliat  <liirin<;  tlio 
honey  season  workcM'  l)ees  <lio  rapidly,  and  after  requecMiintr  fhev  nro 
rephieed  by  the  offspring  of  the  new  queen. 

A  most  important  consideration  in  purchasin;^  (  nionics  oi  uces  is 
to  SCO  to  it  that  tiiey  are  free  from  disejiso.  In  many  States  and 
counties  there  are  inspectors  of  apiaries  who  can  be  consulted  on  this 
point,  but  if  this  is  not  possi- 
l)h'  even  a  novice  can  tell 
whether  or  not  there  is  any- 
tliinj;  wronjr  with  the  brood, 
;intl  it  is  always  safest  to 
refuse  liives  containing  dead 
I)  rood. 

The  best  time  of  the  year 
to  begin  beekeeping  is  in  the 
spring,  for  during  the  fii-st  few 
months  of  ownei*ship  tlie  bee 
keeper  can  study  the  subject 
and  leani  what  to  do,  so  that 
he  is  not  so  likely  to  make  a 
mistake  which  will  end  in  loss 
of  bees.  It  is  usually  best  to 
buy  good  strong  colonies  with 
])lenty  of  brood  for  that  sea- 
son  of  the  year,  but  if   tliis 


Fio.  7.— Bee  escape  for  removing  bees  from  supers. 


is  not  practicable,  then  smaller  colonies,  or  nuclei,  may  be  purchased 
and  built  up  during  the  summer  season.  Of  course,  no  surplus 
lioney  can  be  expected  if  all  the  honey  gathered  goes  into  the  making 
of  additional  bees.  It  is  desirable  to  get  as  little  drone  comb  as  pos- 
sible and  a  good  supply  of  honey  in  the  colonies  purchased. 

The  question  as  to  what  race  and  strain  of  bees  is  to  be  kept  is 

important.  If  poor  stock 
has  been  purchased  locally, 
the  bee  keeper  should  send  to 
some  rehable  queen  breeder 
for  good  queens  as  a  foun- 
dation for  his  apiary. 
Queens  may  be  purchased 
Fio.  8,— Spring  bee  escape.  for  Si   each  for  "untested" 

to  several  dollars  each  for  "selected"  breeding  queens.  Usually 
it  will  not  pay  beginners  to  buy  "selected"  breeding  queens,  for 
they  are  not  yet  prepared  to  make  the  best  use  of  such  stock. 
"Untested"  or  "tested"  queens  are  usually  as  good  a  quality  as  are 
profitable  for  a  year  or  so,  and  there  is  also  less  danger  in  jnailing 
"untested"  (young)  queens. 
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Various  races  of  bees  have  been  imported  into  the  United  States 
and  among  experienced  bee  keepers  there  are  ardent  advocates  of 
almost  all  of  them.  The  black  or  German  race  was  the  first  imported, 
very  early  in  the  history  of  the  country,  and  is  found  everywhere, 
but  usually  not  entirely  pure.  As  a  rule  this  race  is  not  desirable.  No 
attention  has  been  paid  to  breeding  it  for  improvement  in  this  country, 
and  it  is  usually  found  in  the  hands  of  careless  bee  keepers.  As  a  result 
it  is  inferior,  although  it  often  produces  beautiful  comb  honey. 

The  Italian  bees,  the  next  introduced,  are  the  most  popular  race 
among  the  best  bee  keepers  in  this  country,  and  with  good  reason. 
They  are  vigorous  workers  and  good  honey  gatherers,  defend  their 
hives  well,  and  above  all  have  been  more  carefully  selected  by  Ameri- 
can breeders  than  any  other  race.  Especially  for  the  last  reason  it  is 
usually  desirable  to  keep  this  race.  That  almost  any  other  race  of  bees 
known  could  be  bred  to  as  high  a  point  as  the  Italians,  and  perhaps 
higher,  can  not  be  doubted,  but  the  bee  keeper  now  gets  the  benefit  of 
what  has  been  done  for  this  race.  It  should  not  be  understood  from  this 
that  the  efforts  at  breeding  have  been  highly  successful.  On  the  con- 
trary, bee  breeding  will 
compare  very  unfavora- 
bly with  the  improve- 
ment of  other  animals  or 
plants  which  have  been 

FIG.  9.-Bee  brush.  ^^^^  subjcct  of  breeding 

investigations. 

Italian  bees  have  been  carefully  selected  for  color  by  some  breeders 
to  increase  the  area  of  yellow  on  the  abdomen,  until  we  now  have 
what  are  known  as  '^five-banded"  bees.  These  are  very  beautiful, 
but  it  can  scarcely  be  claimed  that  they  are  improved  as  honey  pro- 
ducers or  in  regard  to  gentleness.     They  are  kept  mostly  by  amateurs. 

Some  breeders  have  claimed  to  select  Italians  for  greater  length  of 
tongue,  with  the  object  of  getting  a  bee  which  could  obtain  the 
abundance  of  nectar  from  red  clover.  If  any  gain  is  ever  made  in 
this  respect,  it  is  soon  lost.  The  terms  '^ red-clover  bees"  or  '^ long- 
tongued  bees"  are  somewhat  misleading,  but  are  ordinarily  used  as 
indicating  good  honey  producers. 

Caucasian  bees,  formerly  distributed  throughout  the  country  by 
this  department,  are  the  most  gentle  race  of  bees  known.  They  are 
not  stingless,  however,  as  is  often  stated  in  newspapers  and  other 
periodicals.  Many  report  them  as  good  honey  gatherers.  They  are 
more  prolific  than  Italians  and  may  possibly  become  popular.  Their 
worst  characteristic  is  that  they  gather  great  quantities  of  propolis 
and  build  burr  and  brace  combs  very  freely.  They  are  most  desirable 
bees  for  the  amateur  or  for  experimental  purposes. 
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ill  that  tlioy  aro  gontlo.  Littlo  is  known  of  Baiiats  in  this  country. 
Cariiiohvns  swarm  excessively  unless  iu  lai-ge  hives.  C}'prian8  were 
formerly  used  somewhat ,  but  are  now  rarely  found  pure,  and  aro  unde- 
sirable either  pure  or  in  crosses  because  of  the  fact  that  they  sting 
with  t  he  least  provocation  and  are  not  manji^eable  with  smoke.  They 
are  ji^ood  honey  gatherers,  but  their  undesirable  (pialities  have  caused 
them  to  Ik^  discarded  by  American  bee  keepei-s.  ''Holy-land," 
l^gyptijui,  and  Punic  (Tunisian)  bees  have  also  been  tried  and  have 
l)een  universally  abandoned. 

The  Department  of  Agriculture  does  not  now  distribute  or  sell 
queen  bees  or  colonies  of  bees  of  any  racc^ 

BEE   BEHAVIOR. 

The  successful  manipulation  of  bees  depends  entirely  on  a  knowl- 
edge of  their  habits.  This  is  not  generally  recognized,  and  most  of  the 
literature  on  practical  beekeeping  consists  of  sets  of  rules  to  guide 
manipulations.  This  is  too  true  of  the  present  paper,  but  is  due  to  a 
desire  to  make  the  bulletin  short  and  concise.  While  this  method 
usually  answei-s,  it  is  nevertheless  faulty,  in  that,  without  a  knowledge 
of  fundamental  principles  of  behavior,  the  bee  keeper  is  unable  to 
recognize  the  seemingly  abnormal  phases  of  activity,  and  does  not 
know  what  to  do  under  such  circumstances.  Rules  must,  of  coui^e, 
be  based  on  the  usual  behavior.  By  years  of  association  the  bee 
keeper  almost  unconsciously  acquires  a  wide  knowledge  of  bee  behav- 
ior, and  consequently  is  better  able  to  solve  the  problems  which  con- 
stantly arise.  However,  it  would  save  an  iiiTiiiite  number  of  mis- 
takes and  would  add  greatly  to  the  interest  of  the  work  if  mor<'  time 
were  expended  on  a  study  of  behavior;  then  iho  knowl^'-J"-*'  (r-Mi.Mfl 
could  be  applied  to  practical  manipulation. 

A  colony  of  bees  consists  normally  of  one  queen  bee  (iig.  10,  //), 
the  mother  of  the  colony,  and  thousands  of  sexually  undeveloped 
females  called  workers  (fig.  10,  a),  which  normally  lay  no  eggs, 
but  build  the  comb,  gather  the  stores,  keep  the  hive  clean,  feed 
the  3'oung,  and  do  the  other  work  of  the  hive.  During  part  of 
the  3'ear  there  are  also  present  some  hundreds  of  males  (fig. 
10,  c)  or  drones  (often  removed  or  restricted  in  numbers  by  the  bee 
keeper),  whose  only  service  is  to  mate  with  young  queens.  These 
three  types  are  easily  recognized,  even  by  a  novice.  In  nature  the 
colony  lives  in  a  hollow  tree  or  other  cavity,  but  under  manipulation 
thrives  in  the  artificial  hives  provided.  The  combs  which  form  their 
abode  are  composed  of  w  ax  secreted  by  the  workers.  The  hexagonal 
cells  of  the  two  vertical  laj^ers  constituting  each  comb  have  inter- 
placed  ends  on  a  comm^>'^  cnT^tin.i      Tn  tim  fiA]<  <if  tlu^se  combs  are 
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reared  the  developing  bees,  and  honey  and  pollen  for  food  are  also 
stored  here. 

The  cells  built  naturally  are  not  all  of  the  same  size,  those  used  in 
rearing  worker  bees  being  about  one-fifth  of  an  inch  across,  and  those 
used  in  rearing  drones  and  in  storing  honey  about  one-fourth  of  an 
inch  across  (fig.  11).  The  upper  cells  in  natural  combs  are  more 
irregular,  and  generally  curve  upward  at  the  outer  end.  They  are 
used  chiefly  for  the  storage  of  honey.  Under  manipulation  the  size 
of  the  cells  is  controlled  by  the  bee  keeper  by  the  use  of  comb  founda- 
tion— sheets  of  pure  beeswax  on  which  are  impressed  the  bases  of  cells 
and  on  which  the  bees  build  the  side  walls. 

In  the  North,  when  the  activity  of  the  spring  begins,  the  normal 
colony  consists  of  the  queen  and  some  thousands  of  workers.  As  the 
outside  temperature  raises,  the  queen  begins  to  lay  eggs  (fig.  12,  a) 
in  the  worker  cells.     These  in  time  develop  into  white  larvae  (fig.  12, 


Fig,  10. — The  honey  bee:  a,  Worker;  6,  queen;  c,  drone.    Twice  natural  size. 

h,  c),  which  grow  to  fill  the  cells.  They  are  then  capped  over  and 
transform  first  into  pupae  (fig.  12,  d)  and  then  into  adult  worker  bees. 
As  the  weather  grows  warmer,  and  the  colony  increases  in  size  by 
the  emergence  of  the  young  bees,  the  quantity  of  brood  is  increased. 
The  workers  continue  to  bring  in  pollen,  nectar  to  be  made  into  honey, 
and  water  for  brood  rearing.  When  the  hive  is  nearly  filled  with 
bees  and  stores,  or  when  a  heavy  honey  flow  is  on,  the  queen  begins 
to  lay  eggs  in  the  larger  cells,  and  these  develop  into  drones  or  males. 
Continued  increase  of  the  colony  would  result  in  the  formation  of 
enormous  colonies,  and  unless  some  division  takes  place  no  increase 
in  the  number  of  colonies  will  result.  Finally,  however,  the  workers 
begin  to  build  queen  cells  (fig.  13).  These  are  larger  than  any  other 
cells  in  the  hive  and  hang  on  the  comb  vertically.  In  size  and  shape 
they  may  be  likened  to  a  peanut,  and  are  also  rough  on  the  outside. 
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In  preparing  for  Bwarniing  the  queen  sometimes  lays  eggs  in  partly 
constructed  queen  cells,  but  when  a  colony  becomes  queen  less  the 
( oils  are  built  around  female  larva\  The  larvtr  in  these  cells  receive 
-pocial  food,  and  when  they  have  grown  t^)  full  size  they.  too.  nre 
sealed  up,  and  the  colony  is  then  n»ady  for  swaniiini 

The  issuing  of  the  first  swarm  from  a  coh)ny  consi>i>  <u   im-  u.j.ar- 
tun»  of  the  original  queen  w  ith  part  of  the  workers.     They  leave  behind 


^ 


Fig.  U.— Comb  architectur  top  of  c»nib;  b,  vertical  section  showing  transition  from 

A  orlcer  to  drone  cells:  c,  horizontal  section  at  side  of  comb  showing  end  bar  of  frame;  d,  horizontal  section 
>r  worker  brood  cells;  e,  diagram  showing  transition  cells.    Natural  size. 

the  honey  stores,  except  such  as  they  can  carry  in  their  honey  stom- 
acliS;  the  brood,  some  workers,  drones,  several  queen  cells,  from 
which  will  later  emerge  young  queens,  but  no  adult  queen.  By  this 
interesting  process  the  original  colony  is  divided  into  two. 

The  swarm  finds  a  new  location  in  some  place,  such  as  a  hollow  tree, 
or,  if  cared  for  by  the  bee  keeper,  in  a  hivo.     Tho  workrr^  bnild  now 
86707°— Bull.  447—11 3 
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Fig.  12.— The  honey  bee:  a,  Egg;  h, 
young  larva;  c,  old  larva;  d,  pupa. 
Three  times  natural  size. 


combs,   the  queen  begins  laying,   and  in   a  short  time   the  swarm 

becomes  a  normal  colony. 

The    colony  on    the   old  stand    (parent  colony)   is  increased  by 

the  bees  emerging  from  the  brood.     After  a  time   (usually  about 

seven  or  eight  days)  the  queens  in  their 
cells  are  ready  to  emerge.  If  the  colony 
is  only  moderately  strong  the  first  queen 
to  emerge  is  allowed  by  the  workers  to 
tear  down  the  other  queen  cells  and  kill 
the  queens  not  yet  emerged,  but  if  a  ' 'sec- 
ond swarm"  is  to  be  given  off  the  queen 
cells  are  protected. 

If  the  weather  permits,  when  from  5  to 
8  days  old,  the  young  queen  flies  from 
the  hive  to  mate  with  a  drone.  Mating 
usually  occurs  but  once  during  the  life  of 
the  queen  and  always  takes  place  on  the 
w4ng.  In  mating  she  receives  enough 
spermatozoa  (male  sex  cells)  to  last 
throughout  her  life.  She  returns  to  the 
hive  after  mating,  and  in  about  two  days 

begins  egg  laying.     The  queen  never  leaves  the  hive  except  at  mating 

time  or  with  a  swarm,  and  her  sole  duty  in  the  colony  is  to  lay  eggs 

to  keep  up  the  population. 

When  the  flowers  which  furnish-«iost  nectar  are  in  bloom,  the  bees 

usually  gather  more  honey  than  they  need 

for  their  own  use,  and  this  the  bee  keeper 

can   safely   remove.      They  continue  the 

collection   of  honey  and   other   activities 

until  cold  weather  comes  on  in  the  fall, 

when  brood  rearing  ceases;  they  then  be- 
come   relatively   quiet,  remaining   in    the 

hive  all  winter,  except  for  short  flights  on 

warm  days.     When  the  main  honey  flow 

is  over,  the  drones  are  usually  driven  from 

the  hive.     By  that  time  the  virgin  queens 

have   been  mated   and  drones  are  of   no 

further  use.     They  are  not  usually  stung 

to  death,  but  are  merely  carried  or  driven 

from  the  hive  by  the  workers  and  starve. 

A  colony  of  bees  which  for  any  reason  is 

without  a  queen  does  not  expel  the  drones. 
Many  abnormal  conditions  may  arise  in 

the  activity  of  a  colony,  and  it  is  therefore  necessary  for  the  bee 

keeper  to  understand  most  of  these,  so  that  when  they  occur  he  may 

overcome  them.     If  a  virgin  queen  is  prevented  from  mating  she 


Fig.  13.— Queen  cells.    Natural  size. 
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generally  dies,  but  occasionally  begins  to  lay  eggs  after  about  four 
weeks.  In  this  event,  however,  all  of  the  eggs  which  develop  become 
males.     Such  a  (]Uoon  is  commonly  called  a  "drone  layer." 

If  the  virgin  (juoen  is  lost  while  on  her  lliglit,  or  the  cohmy  at  any 
other  time  is  left  queenless  without  means  of  rearing  additional 
(jueens,  it  sometimes  happens  that  some  of  the  w^orkers  l)egin  to  lay 
eggs.     These  eggs  also  develop  oidy  into  drones. 

It  also  happens  at  times  that  when  a  (jueen  becomes  old  her  supply 
of  spermatozoa  is  exhausted,  at  which  time  her  eggs  also  develop 
only  into  drones.  These  facts  are  the  basis  of  the  theory  that  the 
drone  of  the  bee  is  developed  from  an  unfertilized  egg  or  is  partheno- 
genetic.     A  full  discussion  of  this  point  is  imj)ossible  in  this  place. 

The  work  of  the  hive  is  very  nicely  apj)()rtione<l  among  the  inmates, 
so  that  there  is  little  lost  effort.  As  has  been  stated,  the  rearing  of 
young  is  accomplished  by  having  one  individual  to  lay  eggs  and 
numerous  others  (inunature  females  or  workers)  to  care  for  the  larvae. 
In  like  manner  all  work  of  the  colony  is  apportioned.  In  general, 
it  may  be  stated  that  all  inside  work — wax  building,  care  of  brood, 
and  cleaning — is  done  by  the  younger  workers,  those  less  than  17 
days  old,  while  the  outside  work  of  collecting  pollen  and  nectar  to  be 
made  into  honey  is  done  by  the  older  workers.  This  plan  may  be 
changetl  by  special  conditions.  For  example,  if  the  colony  has  been 
queenless  for  a  time  and  a  queen  is  then  given,  old  workers  may 
begin  the  inside  work  of  feeding  larvir,  and  these  may  also  secrete 
wax.  Or,  if  the  old  workers  are  all  removed,  the  younger  bees  may 
begin  outside  work.  As  a  rule,  however,  the  general  plan  of  division 
of  labor  according  to  age  is  probably  followed  rather  closely. 

DIRECTIONS   FOR   GENERAL   MANIPULATIONS. 

Bees  should  be  handled  so  that  they  will  be  little  disturbed  in 
their  work.  As  much  as  possible,  stings  should  be  avoided  during 
manipulation.  This  is  true,  not  so  much  because  they  are  painful 
to  the  operator,  but  because  the  odor  of  poison  which  gets  into  the 
air  irritates  the  other  bees  and  makes  them  more  diflicult  to  manage. 
For  this  reason  it  is  most  advisable  to  wear  a  black  veil  (fig.  4)  over 
a  wide-brimmed  hat  and  to  have  a  good  smoker  (fig.  3).  Gloves, 
however,  are  usually  more  an  inconvenience  than  otherwise.  Gaunt- 
lets or  rubber  bands  around  the  cuffs  keep  the  bees  from  crawling 
up  the  sleeve.  It  is  best  to  avoid  black  clothing,  since  that  color 
seems  to  excite  bees;  a  black  felt  hat  is  especially  to  be  avoided. 

Superfluous  quick  movements  tend  to  irritate  the  bees.  The  liive 
should  not  be  jarred  or  disturbed  any  more  than  necessary.  Rapid 
movements  are  objectionable,  because  with  their  peculiar  eye  struc- 
ture bees  probably  perceive  motion  more  readily  than  they  do  objects. 
Persons  not  accustomed  to  bees,  on  approaching  a  hive,  often  strike 
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at  bees  which  fly  toward  them  or  make  some  quick  movement  of  the 
head  or  hand  to  avoid  the  sting  which  they  fear  is  to  follow.  This 
should  not  be  done,  for  the  rapid  movement,  even  if  not  toward  the 
bee,  is  far  more  likely  to  be  followed  by  a  sting  than  remaining  quiet. 

The  best  time  to  handle  bees  is  during  the  middle  of  warm  days, 
particularly  during  a  honey  flow.  Never  handle  bees  at  night  or  on 
cold,  wet  days  unless  absolutely  necessary.  The  work  of  a  beginner 
may  be  made  much  easier  and  more  pleasant  by  keeping  gentle  bees. 
Caucasians,  Carniolans,  Banats,  and  some  strains  of  Italians  ordi- 
narily do  not  sting  much  unless  unusually  provoked  or  except  in  bad 
weather.  Common  black  bees  or  crosses  of  blacks  with  other  races 
are  more  irritable.  It  may  be  well  worth  while  for  the  beginner  to 
procure  gentle  bees  while  gaining  experience  in  manipulation.  Later 
on,  this  is  less  important,  for  the  bee  keeper  learns  to  handle  bees 
with  little  inconvenience  to  himself  or  to  the  bees.  Various  remedies 
for  bee  stings  have  been  advocated,  but  they  are  all  useless.  The 
puncture  made  by  the  sting  is  so  small  that  it  closes  when  the  sting 
is  removed  and  liquids  can  not  be  expected  to  enter.  The  best 
thing  to  do  when  stung  is  to  remove  the  sting  as  soon  as  possible 
without  squeezing  the  poison  sac,  which  is  usually  attached.  This 
can  be  done  by  scraping  it  out  with  a  knife  or  finger  nail.  After 
this  is  done  the  injured  spot  should  be  let  alone  and  not  rubbed  with 
any  liniment.  The  intense  itching  will  soon  disappear;  any  irritation 
only  serves  to  increase  the  afterswelling. 

Before  opening  a  hive  the  smoker  should  be  lighted  and  the  veil 
put  on.  A  few  puffs  of  smoke  directed  into  the  entrance  will  cause 
the  bees  to  fill  themselves  with  honey  and  will  drive  back  the  guards. 
The  liive  cover  should  be  raised  gently,  if  necessary  being  pried  loose 
with  a  screwdriver  or  special  hive  tool.  When  slightly  raised,  a 
little  more  smoke  should  be  blown  in  vigorously  on  the  tops  of  the 
frames,  or  if  a  mat  covering  for  the  frames  is  used,  the  cover  should 
be  entirely  removed  and  one  corner  of  the  mat  lifted  to  admit  smoke. 
It  is  not  desirable  to  use  any  more  smoke  than  just  enough  to  subdue 
the  bees  and  keep  them  down  on  the  frames.  If  at  any  time  during 
manipulation  they  become  excited,  more  smoke  may  be  necessary. 
Do  not  stand  in  front  of  the  entrance,  but  at  one  side  or  the  back. 

After  the  frames  are  exposed  they  may  be  loosened  by  prying 
gently  with  the  hive  tool  and  crowded  together  a  little  so  as  to  give 
room  for  the  removal  of  one  frame.  In  cool  weather  the  propolis  (bee 
glue)  may  be  brittle.  Care  should  be  exercised  not  to  loosen  this 
propohs  with  a  jar.  The  first  frame  removed  can  be  leaned  against  the 
hive,  so  that  there  will  be  more  room  inside  for  handling  the  others. 
During  all  manipulations  bees  must  not  be  mashed  or  crowded,  for  it 
irritates  the  colony  greatly  and  may  make  it  necessary  to  discontinue 
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FiQ.  14-  Handling  the  frame:  First  position. 


operations.  Uiuluo  crowdinj^  may  also  cnisli  iUo  qiioon.  If  hers 
crawl  on  tho  hands,  they  may  be  gently  brushed  olF  or  thrown  oil. 

In  examininj?  a  frame  hold  it  over  the  hive  if  possible,  so  that  any 
bees  or  (pieen  which  fall  may  droj)  into  it.  Freshly  withered  honey 
also  often  drops  from  the  frame,  and  if  it  falls  in  the  hive  the  bees  can 
quiekly  clean  it 
up,  whereas  if  it 
drops  outside  it  is 
untidy  and  may 
cause  robbing.  If 
a  frame  is  tem- 
porarily leaned 
against  the  hive, 
it    s h  o u  1  tl    be 

placed  in  a  nearly  upright  position  to  ])revent  breakage  and  leaking 
of  honey.  The  frame  on  which  the  (pieen  is  located  should  not  l)e 
placed  on  the  ground,  for  fear  she  may  crawl  away  and  be  lost.  It  is 
best  to  lean  the  frame  on  the  side  of  the  hive  away  from  the  oper- 
ator, so  that  bees  will  not  crawl  up  his  legs. 

In  handling  frames  the 
c(mib should  always  beheld 
in  a  vertical  ])ositi<)n,  esj)e- 
cially  if  it  contains  much 
honey.  When  a  frame  is 
lifted  from  the  hive  by  the 
top  bar,  the  comb  is  ver- 
tical with  one  side  toward 
the  operator  (fig.  14).  To 
examine  the  reverse  side, 
raise  one  end  of  the  top  bar 
until  it  is  j)erj)endicular 
(fig.  15),  turn  the  frame  on 
the  top  bar  as  an  axis  un- 
til t  he  revei-seside  is  in  view, 
an<l  then  lower  to  a  hori- 
zontal position  with  the  top 
bar  below  (fig.  16).  In  this 
way  there  is  no  extra  strain 
on  the  comb  and  the  bees 
are  not  irritated.  This  care  is  not  so  necessary  with  wired  combs, 
but  it  is  a  good  habit  to  form  in  handling  frames. 

It  is  desirable  to  have  combs  composed  entirely  of  worker  cells  in 
order  to  reduce  the  amount  of  drone  brood.     The  use  of  full  sheets  of 
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foundation  will  bring  this  about  and  is  also  of  value  in  making  the 
combs  straight,  so  that  bees  are  not  mashed  in  removing  the  frame. 
It  is  extremely  difficult  to  remove  combs  built  crosswise  in  the  liive, 
and  this  should  never  be  allowed  to  occur.  Such  a  hive  is  even 
worse  than  a  plain  box  hive.  Superfluous  inside  fixtures  should  be 
avoided,  as  they  tend  only  to  impede  manipulation.  The  hive  should 
also  be  placed  so  that  the  entrance  is  perfectly  horizontal  and  a  little 
lower  than  the  back  of  the  hive.  The  frames  will  then  hang  in  a 
vertical  position,  and  the  outer  ones  will  not  be  fastened  by  the  bees 
to  the  hive  body  if  properly  spaced  at  the  top. 

In  placing  frames  in  the  hive  great  care  should  be  exercised  that 
they  are  properly  spaced.  Some  frames  are  self-spacing,  having  pro- 
jections on  the  side,  so  that  when  placed  as  close  as  possible  they  are 
the  correct  distance  apart.     These  are  good  for  beginners  or  persons 

who  do  not  judge  dis- 
tances well  and  are 
preferred  by  many 
professional  bee  keep- 
ers. If  un  spaced 
frames  are  used,  the 
brood  frames  should 
be  If  inches  from  cen- 
ter to  center.  A  little 
practice  will  usually 
enable  anyone  to  space 
quickly  and  accu- 
rately. Careful  spac- 
ing is  necessary  to  prevent  the  building  of  combs  of  irregular  thick- 
ness and  to  retard  the  building  of  pieces  of  comb  from  one  frame  to 
another. 

A  beginner  in  beekeeping  should  by  all  means,  if  possible,  visit 
some  experienced  bee  keeper  to  get  suggestions  in  handling  bees. 
More  can  be  learned  in  a  short  visit  than  in  a  considerably  longer 
time  in  reading  directions,  and  numerous  short  cuts  which  are  acquired 
by  experience  will  well  repay  the  trouble  or  expense  of  such  a  visit. 
Not  all  professional  bee  keepers  manipulate  in  the  very  best  way, 
but  later  personal  experience  will  correct  any  erroneous  information. 
Above  all,  personal  experimentation  and  a  study  of  bee  activity  are 
absolute  necessities  in  the  practical  handling  of  bees. 


Fig.  16.— Handling  the  frame:  Third  position. 


TRANSFERRING. 

In  increasing  the  apiary  it  is  sometimes  best  to  buy  colonies  in  box 
hives  on  account  of  their  smaller  cost  and  to  transfer  them  to  hives 
with  movable  frames.     This  should  be  done  as  soon  as  possible,  for 
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box-liivc  colonies  are  of  small  value  tus  producers.  The  he^t  time  to 
transfiM*  is  in  the  sprinj]:  (durinjj  fruit  hloom  iti  the  North)  when  the 
amount  of  honey  and  the  population  of  the  colony  are  at  a  minimum. 

Transferring  should  not  be  delayed  until  spring  merely  because 
that  season  is  best  for  the  work.  It  may  be  done  at  any  time  dur- 
ing the  active  season,  but,  whenever  possible,  during  a  lioney  flow, 
to  prevent  robbing.  If  necessary,  it  may  be  done  in  a  tent  such  as 
is  often  used  in  manipulating  colonie^s.  By  choosing  a  time  of  the 
day  when  the  hirgcst  number  of  bees  are  in  the  licld  the  work  will  be 
lessened. 

Plan  1.  'rii(»  l)«)x  hive  should  be  moved  a  few  feet  from  its  si  and 
and  in  its  j)lace  should  be  put  a  hive  with  movable  frames  contain- 
ing full  sheets  of  foundation.  The  box  hive  should  be  turned  upside 
down  and  a  small,  empty  box  inverted  over  it.  By  dnnnming  con- 
tinut)usly  on  the  box  hive  with  sticks  for  a  considerable  time  the  bees 
will  be  made  to  desert  their  combs  and  go  to  the  upj)er  box,  and 
when  most  of  them  are  clustered  above,  the  bees  may  be  dumj)e(l 
in  front  of  the  entrance  of  the  hive  which  is  to  house  them.  The 
queen  will  usually  be  seen  as  the  bees  enter  the  hive,  but,  in  case 
she  has  not  left  the  old  combs,  more  drumming  will  induce  her  to 
do  so.  It  is  necessary  that  the  cpieen  be  in  the  hive  before  this 
manipulation  is  finished.  The  old  box  hive  containing  brood  may 
now  be  placed  right  side  up  in  a  new  location  and  in  21  days 
all  of  the  worker  brood  will  have  emerged  and  probably  some 
new  queens  will  have  been  reared.  These  bees  may  then  be  drummed 
out  and  united  with  their  former  hive  mates  by  vigorously  smoking 
the  colony  and  the  drummed  bees  and  allowing  the  latter  to  enter 
the  hive  through  a  perforated  zinc  to  keep  out  the  young  queens. 
The  comb  in  the  box  hive  may  then  ])e  melted  up  and  any  hone}- 
which  it  may  contain  used  as  the  bee  keeper  sees  fit.  By  this  method 
good  straight  combs  are  obtained.  If  little  honey  is  being  gathered, 
the  colony  in  the  hive  must  be  provided  with  food. 

Plan  2. — If,  on  the  other  hand,- the  operator  desires  to  .save  the 
combs  of  the  box  hive,  the  bees  may  be  drummed  into  a  box  an<l  the 
brood  combs  and  other  fairly  good  combs  cut  to  fit  frames  and  tied 
in  place  or  held  wMth  rubber  bands,  strings,  or  .strips  of  wood  until 
the  bees  can  repair  the  damage  and  fill  up  the  breaks.  These  frames 
can  then  be  hung  in  a  hive  on  the  old  stand  and  the  bees  allowed  to 
go  in.  The  cutting  of  combs  containing  brood  with  more  or  less  bees 
on  them  is  a  disagreeable  job,  and,  since  the  combs  so  obtained  are 
usually  of  little  value  in  an  apiar}^,  the  first  method  is  recommended. 

Plan  3. — .Vnother  good  plan  is  to  wait  until  the  colony  swarms 
and  then  move  the  box  liive  to  one  side.  A  movable  frame  hive  Ls 
now  placed  in  the  former  location  of  the  box  hive  and  the  swarm  is 
hived  in  it.     In  this  way  all  returninir  field  bees  an-  fonwd  fo  Join 
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the  swarm.  In  21  days  all  of  the  worker  brood  in  the  box  hive  will 
have  emerged.  These  young  bees  may  then  be  united  with  the  bees 
in  the  frame  hive  and  the  box  hive  destroyed. 

Colonies  often  take  up  their  abode  in  walls  of  houses  and  it  is  often 
necessary  to  remove  them  to  prevent  damage  from  melting  combs. 
If  the  cavity  in  which  the  combs  are  built  can  be  reached,  the  method 
of  procedure  is  like  that  of  transferring,  except  that  drumming  is  im- 
practical and  the  bees  must  simply  be  subdued  with  smoke  and  the 
combs  cut  out  with  the  bees  on  them. 

Another  method  which  is  often  better  is  to  place  a  bee  escape  over 
the  entrance  to  the  cavity,  so  that  the  bees  can  come  out,  but  can  not 
return.  A  cone  of  wire  cloth  about  8  inches  high  with  a  hole  at  the 
apex  just  large  enough  for  one  bee  to  pass  will  serve  as  a  bee  escape, 
or  regular  bee  escapes  (fig.  8)  such  as  are  sold  by  dealers  may  be  used. 
A  hive  which  they  can  enter  is  then  placed  beside  the  entrance. 
The  queen  is  not  obtained  in  this  way  and,  of  course,  goes  riglit  on  lay- 
ing eggs,  but  as  the  colony  is  rapidly  reduced  in  size  the  amount  of 
brood  decreases.  As  brood  emerges,  the  younger  bees  leave  the 
cavity  and  join  the  bees  in  the  hive,  until  finally  the  queen  is  left  prac- 
tically alone.  A  new  queen  should  be  given  to  the  bees  in  the  hive  as 
soon  as  possible,  and  in  a  short  time  they  are  fully  established  in  their 
new  quarters.  After  about  four  weeks,  when  all  or  nearly  all  of  the 
brood  in  the  cavity  has  emerged,  the  bee  escape  should  be  removed 
and  as  large  a  hole  made  at  the  entrance  of  the  cavity  as  possible. 
The  bees  will  then  go  in  and  rob  out  the  honey  and  carry  it  to  the  hive, 
leaving  only  empty  combs.  The  empty  combs  will  probably  do  no 
damage,  as  moths  usually  soon  destroy  them  and  they  may  be  left  in 
the  cavity  and  the  old  entrance  carefully  closed  to  prevent  another 
swarm  from  taking  up  quarters  there. 

In  transferring  bees  from  a  hollow  tree  the  method  will  depend  on 
the  accessibility  of  the  cavity.  Usually  it  is  difficult  to  drum  out  the 
bees  and  the  combs  can  be  cut  out  after  subduing  the  colony  with 
smoke. 

UNITING. 

Frequently  colonies  become  queenless  when  it  is  not  practicable  to 
give  them  a  new  queen,  and  the  best  practice  under  such  conditions 
is  to  unite  the  queenless  bees  to  a  normal  colony.  If  any  colonies  are 
weak  in  the  fall,  even  if  they  have  a  queen,  safe  wintering  is  better 
insured  if  two  or  more  weak  colonies  are  united,  keeping  the  best 
queen.  Under  various  other  conditions  which  may  arise  the  bee 
keeper  may  find  it  desirable  to  unite  bees  from  different  colonies. 
Some  fundamental  facts  in  bee  behavior  must  be  thoroughly  under- 
stood to  make  this  a  success. 

Every  colony  of  bees  has  a  distinctive  colony  odor  and  by  this 
means  bees  recognize  the  entering  of  their  hive  by  bees  from  other 
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colonies  and  usually  resent  it.  If,  however,  a  bee  comes  heavily 
laden  from  the  fiehl  ami  flies  directly  into  the  wron*;  hive  witliout 
hesitation  it  is  rarely  molested.  In  unitinjjj  coh)ni<'s,  the  separate 
colony  odors  must  be  hidden,  and  this  is  done  by  smoking  each  colony 
vij^orously.  It  may  at  times  be  <lcsirable  to  use  tobacco  smoke, 
which  not  only  covers  the  colony  odor  but  stu|)efies  the  bees  some- 
what. Care  should  be  taken  not  to  use  too  much  tobacco,  as  it  will 
completely  overcome  the  bees.  The  queen  to  be  saved  should  \ye 
caj^cd  for  a  day  or  two  to  prevent  the  stran<ro  bees  from  killin<r  her  in 
the  first  excitement . 

Another  fact  which  must  be  considered  is  liiat  the  bees  of  a  colony 
carefully  mark  the  h)cation  of  their  own  hive  and  remember  that  loca- 
tion for  some  time  after  they  are  removed.  If,  therefore,  two  colonies 
in  the  aj)iarv  which  are  not  close  tojjether  are  to  be  united,  they  should 
be  moved  <2:radually  nearer,  not  more  than  a  foot  at  a  time,  until 
they  are  side  by  side,  so  that  the  bees  will  not  return  to  their  orifcinal 
locations  and  be  lost.  As  the  hives  are  moved  gradually  the  slij^ht 
chanj^es  are  noted  and  no  such  loss  occurs.  As  a  further  j)recaution, 
a  board  should  be  placed  in  front  of  the  entrance  in  a  slanting  position, 
or  brush  and  weeds  may  be  thrown  down  so  that  when  the  bees  fly 
out  they  recognixe  the  fact  that  there  has  been  a  change  and  accustom 
themselves  to  the  new  place.  If  uniting  can  be  done  during  a  honey 
flow,  there  is  less  danger  of  loss  of  bees  by  fighting,  or  if  done  in  cool 
weather,  when  the  bees  are  not  actively  rearing  brood,  the  colony 
odors  are  diminished  and  the  danger  is  reduced. 

It  is  an  easy  matter  to  unite  two  or  more  weak  swarms  to  make  one 
strong  one,  for  during  swarming  the  bees  have  lost  their  memory  of 
the  old  location,  are  full  of  honey,  and  are  easily  placed  wherever  the 
bee  keeper  mshes.  The}^  may  simply  be  thrown  together  in  front  of 
a  hive.  Swarms  may  also  be  given  to  a  newly  established  colony 
with  little  difficulty 

PREVENTING  ROBBING  IN  THE   APIARY. 

When*  there  is  no  honey  flow  bees  are  inclined  to  rob  other  colonies, 
and  every  precaution  must  be  taken  to  prevent  this.  Feeding  often 
attracts  other  bees,  and,  if  there  are  indications  of  robbing,  the  sirup 
or  honey  should  be  given  late  in  the  day.  iVs  soon  as  robbing  begins, 
manipulation  of  colonies  should  be  discontinued,  the  hives  closed,  and, 
if  necessary,  the  entrances  contracted  as  far  as  the  weather  will  per- 
mit. If  brush  is  thro\\Ti  in  front  of  the  entrance,  robbers  are  less 
likely  to  attempt  entering.  At  all  times  honey  which  has  been 
removed  from  the  hives  should  be  kept  where  no  bees  can  get  at  it, 
so  as  not  to  incite  robbing. 
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FEEDING. 

During  spring  manipulations,  in  preparing  bees  for  winter,  and  at 
other  times  it  may  be  necessary  to  feed  bees  for  stimulation  or  to 
provide  stores.  Honey  from  an  unTcnown  source  should  never  he  used,  for 
fear  of  introducing  disease,  and  sirup  made  of  granulated  sugar  is 
cheapest  and  best  for  this  purpose.  The  cheaper  grades  of  sugar  or 
molasses  should  never  be  used  for  winter  stores.  The  proportion  of 
sugar  to  water  depends  on  the  season  and  the  purpose  of  the  feeding. 
For  stimulation  a  proportion  of  one-fourth  to  one-third  sugar  by 
volume  is  enough,  and  for  fall  feeding,  especially  if  rather  late,  a  solu- 
tion containing  as  much  sugar  as  it  will  hold  when  cold  is  best.  There 
seems  to  be.  little  advantage  in  boiling  the  sirup.  Tartaric  acid  in 
small  quantity  may  be  added  for  the  purpose  of  changing  part  of  the 
cane  sugar  to  invert  sugar,  thus  retarding  granulation.  The  medi- 
cation of  sirup  as  a  preventive  or  cure  of  brood  disease  is  often  prac- 
ticed, but  it  has  not  been  shown  that  such  a  procedure  is  of  any  value. 
If  honey  is  fed,  it  should  be  diluted  somewhat,  the  amount  of  dilution 
depending  on  the  season.  If  robbing  is  likely  to  occur,  feeding  should 
be  done  in  the  evening. 

Numerous  feeders  are  on  the  market,  adapted  for  different  purposes 
and  methods  of  manipulation  (fig"^.  17,  18,  19).  A  simple  feeder  can 
be  made  of  a  tin  pan  filled  with  excelsior  or  shavings  (fig.  20).  This 
is  filled  with  sirup  and  placed  on  top  of  the  frames  in  a  super  or  hive 
body.  It  is  advisable  to  lean  pieces  of  wood  on  the  pan  as  runways 
for  the  bees,  and  to  attract  them  first  to  the  sirup,  either  by  mixing 
in  a  little  honey  or  by  spilling  a  little  sirup  over  the  frames  and  sticks. 

It  may  be  stated  positively  that  it  does  not  pay  financially,  or  in 
any  other  way,  to  feed  sugar  sirup  to  be  stored  in  sections  and  sold  as 
comb  honey.  Of  course,  such  things  have  been  tried,  but  the  con- 
sumption of  sugar  during  the  storing  makes  the  cost  greater  than  the 
value  of  pure  floral  honey. 

SPRING     MANAGEMENT. 

The  condition  of  a  colony  of  bees  in  the  early  spring  depends 
largely  upon  the  care  given  the  bees  the  preceding  autumn  and  in 
the  method  of  wintering.  If  the  colony  has  wintered  well  and  has 
a  good  prolific  queen,  preferably  3^oung,  the  chances  are  that  it  will 
become  strong  in  time  to  store  a  good  surplus  when  the  honey  flow 
comes. 

The  bees  which  come  through  the  winter,  reared  the  previous 
autumn,  are  old  and  incapable  of  much  work.  As  the  season  opens 
they  go  out  to  collect  the  early  nectar  and  pollen,  and  also  care  for 
the  brood.  The  amount  of  brood  is  at  first  small,  and  as  the  new 
workers  emerge  they  assist  in  the  brood  rearing  so  that  the  extent  of 
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-DIvlston-board  fwdor  to  Ik*  huni;  In  hive  In  place  of 
frame. 


the  brood  can  ho  griKhially  inrroiused  until  it  roaches  its  maximum 
about  the  l)eiriiuiiu«:j  of  the  sununer.  The  ohl  bees  (he  off  rapidly. 
If  brood  reariiijj;  does  not  continue  late  in  the  fall,  so  that  the 
colony  goes  into  winter  with  a  largo  percentage  of  young  bees,  the 
old  !)ees  may  die  olT  in  the  spring  faster  than  they  are  replaced  by 
emerging  l)rood.  This  is  known  as  **spriii<^  (l\\iii<lliiiL'  "  A  preven- 
tive remedy  for  this  may 
be  aj)plied  by  feeding,  if 
necessary,  the  autunui  be- 
fore, or  keeping  up  brood 
rearing  as  late  as  possible 
by  some  other  means. 

If  spring  dwindling  be- 
gins, however,  it  can  be 
diminished  somewhat  by 
keeping  the  colony  warm  fio.  i; 
and  by  stimulative  feed- 
ing, so  that  all  the  energy  o{  the  old  bees  may  be  put  to  the  best 
advantage  in  rearing  brood  to  replace  those  dying  ofT.  The  size  of 
the  brood  chamber  can  also  ])e  reduced  to  conserve  heat. 

It  sometimes  haj)pens  that  when  a  hive  is  examined  in  the  spring 
the  hive  body  and  combs  are  spotted  with  brownish  yellow  excrement. 
This  is  an  evidence  of  what  is  commonly  called  ''dysentery."     The 

cause  of  this  trouble  is 
long  -  continued  confun^ 
mont  with  a  |)oor  quality 
of  honey  for  food.  Iloney- 
dew  honey  and  some  of 
the  inferior  floral  honeys 
contain  a  relatively  large 
percentage  of  material 
which  bees  can  not  digest, 
and,  if  they  are  not  able 
to  fly  for  some  time,  the 
intestines  l)ecome  cloo^fjed 
with  fjpcal  matter  and  a 
diseased  condition  re- 
sults. Worker  bees  never 
normalh'  deposit  their  fae- 
ces in  the  hive.  The  obvious  preventive  for  tliis  is  to  provide  the 
colony  with  good  honey  or  sugar  sirup  the  j)revious  fall.  ''Dys- 
entery'^ frequently  entirely  destroys  colonies,  but  if  the  bees  can 
pull  through  until  warm  days  permit  a  cleansing  flight  they  recover 
promptly. 
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Fig.  19.— "Pepper-box"  feeder  for  use  on  top  of 
frames. 


Bees  should  not  be  handled  in  the  early  spring  any  more  than  neces- 
sary, for  to  open  a  hive  in  cool  weather  wastes  heat  and  may  even 
kill  the  brood  by  chilling.  The  hive  should  be  kept  as  warm  as 
possible  in  early  spring  as  an  aid  to  brood   rearing.     It   is    a  good 

practice  to  wrap  hives  in  Hack  tar 
paper  in  the  spring,  not  only  that 
it  may  aid  in  conserving  the  heat 
of  the  colony,  but  in  holding  the 
sun's  heat  rays  as  a  help  to  the 
warmth  of  the  hive.  This  wrap- 
ping should  be  put  on  as  soon  as 
an  early  examination  has  shown  the 
colony  to  be  in  good  condition,  and 
there  need  be  no  hurry  in  taking  it 
off.  A  black  wrapping  during  the 
winter  is  not  desirable,  as  it  might 
induce  brood  rearing  too  early  and 
waste  the  strength  of  the  bees. 

As  a  further  stimulus  to  brood 
rearino:,  stimulative  feedino;  of  su- 
gar  sirup  in  early  spring  may  be 
practiced.  This  produces  much  the  same  effect  as  a  light  honey  flow 
does  and  the  results  are  often  good.  Others  prefer  to  give  the  bees 
such  a  large  supply  of  stores  in  the  fall  that  when  spring  comes  they 
will  have  an  abundance  for  brood 
rearing,  and  it  wdll  not  be  neces- 
sary to  disturb  them  in  cool 
weather.  Both  ideas  are  good, 
but  judicious  stimulative  feeding 
usually  more  than  pays  for  the  la- 
bor. Colonies  should  be  fed  late 
in  the  day,  so  that  the  bees  will 
not  fly  as  a  result  of  it,  and  so 
that  robbing  will  not  be  started. 
When  the  weather  is  warmer  and 
more  settled  the  brood  cluster 
may  be  artificially  enlarged  by 
spreading  the  frames  so  as  to 
insert  an  empty  comb  in  the  mid- 
dle. The  bees  will  attempt  to 
cover  all  the  brood  that  they 
already  had,  and  the  queen  will  at  once  begin  laying  in  the  newly 
inserted  comb,  thus  making  a  great  increase  in  the  brood.  This 
practice  is  desirable  when  carefully  done,  but  may  lead  to  serious 
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Fig.  20.— Pan  in  super  arranged  for  feeding. 
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rosiilts  if  too  innrh  now  hrood  is  produccil.  A  boj^inner  ha<l  hotter 
leave  the  (luujitity  of  l)roo(l  to  the  bees. 

It  is  desirable  early  in  the  season,  before  any  preparations  are  made 
for  swarniint;,  to  j^o  tlirou^h  the  apiary  and  chp  one  \vin<r  of  each 
(jiieen  (see  p.  30).  This  shouhl  be  (h)ne  before  tlie  hive  bcconuvs  too 
populous.  It  is  perhaps  best  to  clip  queens  as  they  are  introduced, 
but  some  colonies  may  rear  new  ones  without  the  knowledj^e  of  the 
owner,  and  a  sprinj;  examination  will  insure  no  escaj)in^  swarms. 
The  bejxinner  should  perhaps  be  warned  not  to  clip  the  winj^s  of  a 
virj^in  cpieen. 

Queens  sometimes  die  during  the  winter  and  early  sprin<^,  and  since 
there  is  no  hnHul  from  which  the  bees  can  replace  them,  the  queenless 
colonies  are  "ho|)elessly  cjueenless."  Such  colonies  are  usually  rest- 
less and  are  not  active  in  pollen  gathering.  If,  on  opening  a  colony, 
it  is  found  to  be  without  a  queen  and  reduced  in  numbers,  it  should 
be  united  with  another  colony  by  smokinj^  both  vi^^orously  and  ca<,nn<^ 
the  queen  in  the  queen-right  colon}^  for  a  day  or  two  to  j)revent  her 
being  killed.  A  frame  or  two  of  brood  may  be  added  to  a  queenless 
colony,  not  only  to  increase  its  strength,  but  to  provide  young  brood 
from  which  they  can  rear  a  queen.  Bee  keepers  in  the  North  can 
fre(|uently  buy  queens  from  southern  breeders  early  in  the  spring  and 
naturally  this  is  better  than  leaving  the  colony  without  a  queen  until 
the  bees  can  rear  one,  as  it  is  imf>nr<:mf  Hint  Hhmc  he  do  stoppage  in 
brood  rearing  at  this  season. 

SWARM   MANAGEMENT   AND   INCEEASE. 

The  excessive  rearing  of  brood  at  the  wrong  setison  <»i  increase 
in  the  number  of  colonies  greatly  reduces  the  surplus  honey  crop  by 
coiLsumption.  The  ideal  to  which  all  progressive  bee  keepers  work, 
when  oi)erating  simply  for  honey,  is  to  stimulate  brood  rearing  to 
prepare  bees  for  gathering,  to  retard  breeding  when  it  is  less  desir- 
able, and  to  prevent  swarming.  Formerly  the  measure  of  success 
in  beekeeping  was  the  amount  of  increase  by  swarming,  ))ut  this  is 
now  recognized  as  being  quite  the  contrary  of  success. 

The  stimulation  of  brood  rearing  in  the  sj)ring,  however,  makes 
it  more  hkely  that  swarming  will  occur;  so  that  the  operator  must 
counteract  the  tendenc}'  to  swarm.  This  is  especially  true  in  coml>- 
honey  production.  Very  few  succeed  in  entirely  preventing  swarm- 
ing, but  by  various  methods  the  situation  can  be  largely  controlled. 

^Ylien  a  swarm  issues,  it  usually  first  settles  on  a  limb  of  a  tree  or 
i)ush  near  the  apiary.  It  was  formerly  common  to  make  a  noise  by 
beating  pans  or  ringing  bells  in  the  belief  that  this  causes  the  swarm 
to  settle.  There  is  no  foundation  for  such  action  on  the  part  of  the 
bee  keeper.     If  the  bees  alight  on  a  small  limb  that  can  be  spared 
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it  may  simply  be  sawed  off  and  the  bees  carried  to  the  hive  and 
thrown  on  a  sheet  or  hive  cover  in  front  of  the  entrance.  If  the 
Umb  can  not  be  cut,  the  swarm  can  be  shaken  off  into  a  box  or  basket 
on  a  pole  and  hived.  If  the  bees  light  on  the  trunk  of  a  tree  or  in 
some  inaccessible  place  they  can  first  be  attracted  away  by  a  comb, 
preferably  containing  unsealed  brood.  In  these  manipulations  it 
is  not  necessary  to  get  all  the  bees,  but  if  the  queen  is  not  with  those 
which  are  put  into  the  hive  the  bees  will  go  into  the  air  again  and  join 
the  cluster. 

If  a  queen  is  clipped  as  recommended  under  '^Spring  management" 
(p.  29)  the  swarm  will  issue  just  the  same,  but  the  queen,  not  being 
able  to  fly,  will  simply  wander  about  on  the  ground  in  front  of  the 
hive,  where  she  can  be  caught  and  caged.  The  parent  colony  can 
then  be  removed  to  a  new  stand  and  a  new  hive  put  in  its  place. 
The  bees  will  soon  return  and  the  queen  can  be  freed  among  them 
as  they  enter.  The  field  bees  on  returning  will  enter  the  new  hive 
with  the  swarm,  thus  decreasing  still  more  the  parent  colony  and 
making  a  second  swarm  less  probable.  To  make  sure  of  this,  how- 
ever, all  queen  cells  except  one  good  one  can  be  removed  soon  after 
the  swarm  issues.  Another  method  of  preventing  second  swarms  is 
to  set  the  old  hive  beside  the  swarm  and  in  a  week  move  the  old  hive 
to  another  place.  The  field  bees  of  the  parent  colony  then  join  the 
swarm  and  the  parent  colony  is  so  much  reduced  that  a  second 
swarm  does  not  issue. 

To  hold  a  swarm  it  is  desirable  to  put  one  frame  containing  healthy 
unsealed  brood  in  the  new  hive.  The  other  frames  may  contain  full 
sheets  or  starters  of  foundation.  Usually  comb-honey  supers  or  sur- 
plus bodies  for  extracting  frames  will  have  been  put  on  before  swarming 
occurs.  These  are  given  to  the  swarm  on  the  old  stand  and  separated 
from  the  brood  chamber  by  queen-excluding  perforated  zinc.  In  three 
or  four  days  the  perforated  zinc  may  be  removed  if  desired. 

When  clipping  the  queen's  wing  is  not  practiced,  swarms  may  be 
prevented  from  leaving  by  the  use  of  queen  traps  of  perforated  zinc 
(fig.  6).  These  allow  the  workers  to  pass  out,  but  not  drones  or 
queens,  which,  on  leaving  the  entrance,  pass  up  to  an  upper  com- 
partment from  which  they  can  not  return.  These  are  also  used  for 
keeping  undesirable  drones  from  escaping,  and  the  drones  die  of 
starvation.  When  a  swarm  issues  from  a  hive  provided  with  a  queen 
trap  the  queen  goes  to  the  upper  compartment  and  remains  there 
until  released  by  the  bee  keeper.  The  workers  soon  return  to  the 
hive.  When  the  operator  discovers  the  queen  outside,  the  colony 
may  be  artificially  swarmed  to  prevent  another  attempt  at  natural 
swarming.  A  queen  trap  should  not  be  kept  on  the  hive  all  the  time 
for  fear  the  old  queen  may  be  superseded  and  the  young  queen  pre- 
vented from  flying  out  to  mate. 
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ARTITICIAL,   SWARMING 

Jf  iiuTouiio  is  (losireii,  it  is  better  to  practice  some*  method  of  arti- 
ficial swarininj;  ami  to  forestall  natural  swarminj^  rather  than  bo 
compelled  to  await  the  whims  of  the  colonies.  The  situation  should 
be  under  the  control  of  the  bee  keeper  as  much  as  possible.  The 
bees,  combs,  and  brood  may  be  dividetl  into  two  nearly  ecjual  parts 
and  a  queen  provided  for  the  queenless  portion;  or  small  colonies, 
called  nuclei,  nuiy  be  made  from  the  j)arent  colony,  so  reducing  its 
stren»::th  that  swarminj;  is  not  attempted.  These  plans  are  not  as 
satisfactory  as  shaken  swarms,  since  divided  colonies  lack  the  vigor 
of  swarms. 

A  good  method  of  artificially  swarming  a  colony  is  to  shake  most  of 
the  bees  from  the  combs  into  another  hive  on  the  old  stand  with 
starters  (narrow  strips)  of  foundation.  The  hive  containing  the 
bi'ood  with  some  bees  still  adhering  is  then  moved  to  a  new  location. 
If  recej)tacles  for  surplus  Jioney  have  been  put  on  })reviously,  as  they 
generally  should  be,  they  should  now  be  put  over  the  artifi<i'i'  <u  .m  m 
separated  from  the  brood  compartment  by  perforated  zin< 

This  method  of  artificially  swarming  (usually  called  by  bee  keej>ers 
*'shook"  swarming)  should  not  be  practiced  too  early,  since  natural 
swarming  may  take  place  later.  The  colony  should  fust  have  begun 
its  preparations  for  swarming.  The  method  is  particularh'  useful  in 
comb-honey  proiluction.  The  bees  may  be  prevented  from  leaving 
the  hive  by  the  use  of  a  drone  trap  (fig.  6)  or  by  putting  in  one  frame 
containing  unsealed  brood.  Some  bee  keepers  prefer  using  full 
sheets  of  foundation  or  even  drawn  combs  for  the  artificial  swarm, 
but  narrow  strips  of  foundation  have  some  advantages.  By  using 
narrow  stiips  the  queen  has  no  cells  in  which  to  lay  eggs  for  a  time, 
thus  reducing  brood  rearing,  but,  since  by  the  time  artificial  swarm- 
ing is  practiced  the  i)rofitable  brood  rearing  is  usually  over,  this  is  no 
loss  but  rather  a  gain.  There  are  also  in  the  brood  compartment  no 
cells  in  wliich  the  gathering  workers  can  deposit  fresh  honey,  and 
they  consequently  put  it  in  the  supers.  Gradually  the  combs  below 
are  built  out  and  brood  rearing  is  increased.  Later  the  colony  is 
allowed  to  put  honey  in  the  brood  combs  for  its  winter  supply.  If 
no  increase  is  desired,  the  bees  which  emerge  from  the  removed  brood 
combs  may  later  be  united  with  the  artificial  swarm  and  by  that  time 
there  will  usually  be  little  danger  of  natural  swarming. 

Artificial  swarming  can  readily  be  combined  with  the  shaking 
treatment  for  bee  diseases,  thus  accomplishing  two  objects  with  one 
manipulation.  If  disease  is  present  in  the  parent  colony,  only  strips 
of  foundation  should  be  used  and  the  colony  should  be  confined  to 
the  hive  wath  a  queen  and  drone  trap  and  not  with  a  frame  of  brood. 
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PREVENTION   OF    SWARMING. 

Unless  increase  is  particularly  desired,  both  natural  and  artificial 
swarming  should  be  done  away  with  as  far  as  possible,  so  that  the 
energy  of  the  bees  shall  go  into  the  gathering  of  honey.  Since 
crowded  and  overheated  hives  are  particularly  conducive  to  swarm- 
ing, this  tendency  may  be  largely  overcome  by  giving  plenty  of  ven- 
tilation and  additional  room  in  the  hive.  Shade  is  also  a  good  pre- 
ventive of  swarming.  Extra  space  in  the  hive  may  be  furnished  by 
adding  more  hive  bodies  and  frames  or  by  frequent  extracting,  so 
that  there  may  be  plenty  of  room  for  brood  rearing  and  storage  at 
all  times.  These  manipulations  are,  of  course,  particularly  applicable 
to  extracted-honey  production. 

To  curb  the  swarming  impulse  frequent  examinations  of  the  colo- 
nies (about  every  week  or  10  days  during  the  swarming  season) 
for  the  purpose  of  cutting  out  queen  cells  is  a  help,  but  this  requires 
considerable  work,  and  since  some  cells  may  be  overlooked,  and  par- 
ticularly since  it  frequently  fails  in  spite  of  the  greatest  care,  it  is 
not  usually  practiced.  Requeening  with  young  queens  early  in  the 
season,  when  possible,  generally  prevents  swarming. 

Swarming  is  largely  due  to  crowded  brood  chambers,  and  since 
eggs  laid  immediately  before  and  during  the  honey  flow  do  not  pro- 
duce gatherers,  several  methods  have  been  tried  of  reducing  the 
brood.  The  queen  may  either  be  entirely  removed  or  be  caged  in  the 
hive  to  prevent  her  from  laying.  In  either  event  the  bees  will 
usually  build  queen  cells  to  replace  her,  and  these  must  be  kept  cut 
out.  These  plans  would  answer  the  purpose  very  well  were  it  not 
for  the  fact  that  queenless  colonies  often  do  not  work  vigorously. 
Under  most  circumstances  these  methods  can  not  be  recommended. 
A  better  method  is  to  remove  brood  about  swarming  time  and  thus 
reduce  the  amount.  There  are  generally  colonies  in  the  apiary  to 
which  frames  of  brood  can  be  given  to  advantage. 

In  addition  to  these  methods  various  nonswarming  devices  have 
been  invented,  and  later  a  nonswarming  hive  so  constructed  that 
there  is  no  opportunity  for  the  bees  to  form  a  dense  cluster.  The 
breeding  of  bees  by  selecting  colonies  with  less  tendency  to  swarm 
has  been  suggested. 

On  the  whole,  the  best  methods  are  the  giving  of  plenty  of  room, 
shade,  and  ventilation  to  colonies  run  for  extracted  honey ;  and  ven- 
tilation,^  shade,  and  artificial  swarming  of  colonies  run  for  comb 
honey.  Frequent  requeening  (about  once  in  two  years)  is  desirable 
for  other  reasons,  and  requeening  before  swarming  time  helps  in  the 
solution  of  that  difficulty. 
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PREPARATION   FOR   THE   HARVEST. 

An  essential  in  honey  i)n)<liirti()n  is  to  liave  the  hive  ovcrllowin^ 
witli  bees  at  the  bepnninjj;  of  tho  honey  flow,  so  that  the  fiehl  force 
will  be  larjro  enoujjh  to  gather  more  honey  than  the  bees  need  for 
their  own  use.  To  accomplish  this,  tho  bee  kee])er  must  see  to  it  that 
brood  rearing  is  heavy  some  time  before  the  harvest,  and  ho  must 
know  accurately  when  tho  honey  flows  come,  so  that  ho  may  time 
his  numipulations  properly.  Brood  rearing  during  the  honey  flow 
usually  produces  bees  which  consume  stores,  while  brood  reared 
before  tho  flow  furnishes  tho  suq^lus  gatherers.  The  best  methods 
of  ])roceduro  may  be  illustrated  by  giving  as  an  example  the  condi- 
tions in  tho  white-clover  region. 

In  tho  spring  tho  bees  gather  pollen  and  nectar  from  various 
early  flowers,  and  often  a  considerable  quantity  from  fniit  bloom 
and  dandelions.  During  this  time  brood  rearing  is  stimulated  by 
tho  new  honey,  but  afterwards  there  is  usually  a  period  of  drought 
when  brood  rearing  is  normally  diminished  or  not  still  more  increased 
as  it  should  be.  This  condition  continues  until  the  white-clover 
flow  comes  on,  usually  with  a  rush,  when  brood  rearing  is  again 
augmented.  If  such  a  condition  exists,  the  bee  keeper  should 
keep  brood  rearing  at  a  maximum  by  stimulative  feeding  during 
tho  drought.  Wlien  white  clover  comes  in  bloom  he  may  even  find 
it  desirable  to  prevent  brood  rearing  to  turn  the  attention  of  his 
bees  to  gathering. 

A  worker  bee  emerges  from  its  cell  21  days  after  the  egg  is  laid,  and 
it  usually  begins  field  work  in  from  14  to  17  days  later.  It  is  evident, 
therefore,  that  an  egg  must  be  laid  five  weeks  before  the  honey  flow 
t^  produce  a  gatherer.  Since  the  flow  continues  for  some  time  and 
since  bees  often  go  to  the  field  earlier  than  14  davs,  egg  laying  should 
be  pushed  up  to  w^ithin  two  or  three  weeks  of  the  opening  of  the  honc}^ 
flow.  In  addition  to  stimulative  feeding,  tho  care  of  tho  colony 
described  under  the  heading  of  "Spring  management"  (p.  26)  will 
inrTca<(»  ])r(><)d  production. 

THE   PRODUCTION   OF  HONEY. 

The  obtaining  of  honey  from  l)ees  is  generally  the  ])rimary  object 
of  their  culture.  Bees  gather  nectar  to  make  into  honey  for  their 
own  use  as  food,  but  generally  store  more  than  tlio}^  need,  and  this 
suq^lus  the  bee  keeper  takes  away.  By  managing  colonies  early  in 
tho  spring  as  previously  described  the  suq^lus  may  be  consitlerabl}'' 
increased.  The  secret  of  maximum  crops  is  to  "Keep  all  colonies 
strong." 

Honey  is  gathered  in  the  form  of  nectar  secreted  by  various  flowers, 
is  transformed  by  the  bees,  and  stored  in  the  comb.     Bees  also  often 
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gather  a  sweet  liquid  called  ''honey dew,"  produced  by  various  scale 
insects  and  plant-lice,  but  the  honey  dew  honey  made  from  it  is 
quite  unlike  floral  honey  in  flavor  and  composition  and  should  not  be 
sold  for  honey.  It  is  usually  unpalatable  and  should  never  be  used 
as  winter  food  for  bees,  since  it  usually  causes  dysentery  (p.  40). 
Wien  nectar  or  honeydew  has  been  thickened  by  evaporation  and 
otherwise  changed,  the  honey  is  sealed  in  the  cells  with  cappings  of 
beeswax. 

It  is  not  profitable  to  cultivate  any  plant  solely  for  the  nectar 
which  it  will  produce,  but  various  plants,  such  as  clovers,  alfalfa, 
and  buckwheat,  are  valuable  for  other  purposes  and  are  at  the  same 
time  excellent  honey  plants;  their  cultivation  is  therefore  a  benefit 
to  the  bee  keeper.  It  is  often  profitable  to  sow  some  plant  on  waste 
land;  sweet  clovers  are  often  used  in  this  way.  The  majority  of 
honey-producing  plants  are  wild,  and  the  bee  keeper  must  largely 
accept  the  locality  as  he  finds  it  and  manage  his  apiary  so  as  to  get  the 
largest  possible  amount  of  the  available  nectar.  Since  bees  often  fly 
as  far  as  2  or  3  miles  to  obtain  nectar,  it  is  obvious  that  the  bee 
keeper  can  rarely  influence  the  nectar  supply  appreciably.     Before 

deciding  what  kind  of  honey 
to  produce  the  bee  keeper 
should  have  a  clear  knowl- 
edge of  the  honey  resources 
of  his  locality  and  of  the 
demands  of  the  market  in 
which  he  will  sell  his  crop. 
If  the  bulk  of  the  honey  is  dark,  or  if  the  main  honey  flows  are  slow 
and  protracted,  it  will  not  pay  to  produce  comb  honey,  since  the 
production  of  fancy  comb  honey  depends  on  a  rapid  flow.  The  best 
localities  for  comb-honey  production  are  in  the  northern  part  of  the 
United  States  east  of  the  Mississippi  River,  where  white  clover  is  a 
rapid  and  abundant  yielder.  Other  parts  of  the  United  States  where 
similar  conditions  of  rapidity  of  flow  exist  are  also  good.  Unless 
these  favorable  conditions  are  present  it  is  better  to  produce  extracted 

honey. 

EXTRACTED   HONEY.i 

Extracted  honey  is  honey  which  has  been  removed  by  means  of 
centrifugal  force  from  the  combs  in  which  the  bees  stored  it.  While  it 
is  possible  to  adulterate  extracted  honey  by  the  addition  of  cheap 
sirups,  this  is  rarely  done,  perhaps  largely  on  account  of  the  possi- 
bility of  detection.  It  may  be  said  to  the  credit  of  bee  keepers  as  a 
class  that  they  have  always  opposed  adulteration  of  honey. 

1  For  further  discussion  of  the  production  and  care  of  extracted  honey,  see  Bulletin  75,  Part  I,  Bureau 
of  Entomology. 
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In  providing  combs  for  the  storajjjo  of  honey  to  ho  oxtructcd  the 
usual  practice  is  to  add  to  the  top  of  the  l)r(MKl  chand>er  one  or  more 
iiivo  bodies  just  hke  the  one  in  which  brood  is  reared,  and  fill  these 
with  frames.  If  preferred,  sliallower  frames  with  bodies  of  proper 
size  may  be  used,  but  most  honey  extractors  are  made  for  full-size 
frames.  The  surplus  bodies  should  be  put  on  in  plenty  of  time  to 
prevent  the  crowdinj;  of  the  brood  chamber,  and  also  to  ad 
preventive  of  swarmin<r. 

Honey  for  extracting  should  nt)t  he  removed  until  it  is  well  ripened 
and  a  larjie  percentajre  of  it  capped.  It  is  best,  however,  to  remove 
the  crop  from  each  honey  flow'  before  another  heavy  producinjj^  plant 
comes  into  bloom,  so  that  the  dilFerent  j^nides  of  honey  may  be  ke|)t 
separate.  It  is  bettor  to  extract  while  honey  Is  still  comin<?  in,  so 
that  the  bees  will  not  be  apt  to  rob. 
The  extracting  should  be  done  in  a 
buildinj;,  preferably  one  provided  wdth 
wire  cloth  at  the  windows  (p.  9). 

The  frames  containinj^  honey  to  be 
extracted  are  removed  from  the  hive, 
the  eappint^s  cut  off  wath  a  sharp, 
warm  knife  (%•  21)  made  specially 
for  this  j)urpose,  and  the  frames  are 
then  put  into  the  baskets  of  the  honey 
extractor  (fijr.  22) .  By  revolving;  these 
rapidly  the  honey  is  thrown  out  of 
one  side.  The  basket  is  then  reversed 
and  the  honey  from  the  other  side  is 
removed.  The  combs  can  then  be 
returned  to  the  bees  to  be  refilled,  or 
if  the  honey  flow  is  over,  they  can  be 
retin-nod  to  the  bees  to  be  cleaned  and 
then  removed  and  stored  until  needed 
ajjain.  This  method  is  much  to  be  preferred  to  mashinjr  the  eomb  and 
straininiic  out  the  honey,  as  was  formerly  done. 

In  hirjre  apiaries  special  boxes  to  receive  cappings,  C}ij>jMir^  iinm*rs 
to  render  the  cappinirs  directly  into  wax,  and  power-driven  extractors 
are  often  used.     These  will  be  found  listed  in  supply  cataloj^ies. 

The  extracted  honey  is  then  strained  and  run  into  vessels.  It  is 
advisable  not  to  put  it  in  bottles  at  once,  but  to  let  it  settle  in  open 
vessels  for  a  time,  so  that  it  can  be  skimmed.  Most  honeys  will 
crranulate  and  become  quite  hard  if  exposed  to  chanjres  of  temperature, 
and  to  liquefy  jjranulated  extracted  honey  it  should  be  heated  in  a 
water  bath.  Never  heat  honey  directly  over  a  stove  or  flame,  as  the 
flavor  i-  *'  - '  -  i-^'-'-'vl.     The  hniiov  should  iiovor  be  liontrv]  hi'jhor 


Fig.  22.— Ilouey  extractor. 
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than  160°  F.  unless  it  is  necessary  to  sterilize  it  because  of  contami- 
nation by  disease. 

Extracted  honey  is  put  up  in  bottles  or  small  tin  cans  for  the  retail 
trade,  and  in  5-gallon  square  tin  cans  or  barrels  for  the  wholesale 
market.  Great  care  must  be  exercised  if  barrels  are  used,  as  honey 
mil  absorb  moisture  from  the  wood,  if  any  is  present,  and  cause 
leakage.  The  tin  package  is  much  to  be  preferred  in  most  cases.  In 
bottling  honey  for  retail  trade,  it  will  well  repay  the  bee  keeper  or 
bottler  to  go  to  considerable  expense  and  trouble  to  make  an  attractive 
package,  as  the  increased  price  received  will  more  than  compensate 
for  the  increased  labor  and  expense.  Honey  should  be  heated  to 
160°  F.  and  kept  there  for  a  time  before  bottling,  and  the  bottle 
should  be  filled  as  full  as  possible  and  sealed  hermetically. 

Granulated  honey. — Some  honeys,  such  as  alfalfa,  granulate  quickly 
after  being  extracted.  Such  honeys  are  sometimes  allowed  to  gran- 
ulate in  large  c?.ns  and  the  semisolid  mass  is  then  cut  into  1 -pound 
bricks  like  a  butter  print  and  wrapped  in  paraffin  paper.  It  may  be 
put  into  paraffined  receptacles  before  granulation,  if  desired.  There 
is  always  a  ready  market  for  granulated  honey,  since  many  people 
prefer  it  to  the  liquid  honey. 

COMB   HONEY. 

Comb  honey  is  honey  as  stored  in  the  comb  by  the  bees,  the  size  and 
shape  being  determined  by  the  small  wooden  sections  provided  by  the 
bee  keeper.  Instead  of  having  comb  in  large  frames  in  which  to  store 
surplus  honey,  the  bees  are  compelled  to  build  comb  in  the  sections 
and  to  store  honey  there  (fig.  2) .  A  full  section  weighs  about  1  pound ; 
larger  ones  are  rarely  used.  By  the  use  of  modern  sections  and  foun- 
dation the  comb  honey  now  produced  is  a  truly  beautiful,  very  uni- 
form product,  so  uniform  in  fact  that  it  is  often  charged  that  it  must 
be  artificially  manufactured.  The  purchaser  of  a  section  of  comb 
honey  may  be  absolutely  certain,  however,  that  he  is  obtaining  a 
product  of  the  bees,  for  never  has  anyone  been  able  to  imitate  the  bees' 
work  successfully.  To  show  their  confidence  in  the  purity  of  comb 
honey,  the  National  Bee  Keepers'  Association  offers  $1,000  for  a 
single  pound  of  artificial  comb  filled  with  an  artificially  prepared  sirup, 
which  is  at  all  difficult  of  detection. 

There  are  several  different  styles  of  sections  now  in  use,  the  usual 
sizes  being  4|  inches  square  and  4  by  5  inches.  There  are  also 
two  methods  of  spacing,  so  that  there  will  be  room  for  the  passage  of 
bees  from  the  brood  chamber  into  the  sections  and  from  one  super  of 
sections  to  another.  This  is  done  either  by  cutting  ^^bee  ways" 
in  the  sections  and  using  plain  flat  separators  or  by  using  ''no  bee- 
way"  or  plain  sections  and  using  ''fences" — separators  with  cleats 
fastened  on  each  side,   to  provide  the  bee  space.     To  describe  all 
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(ho  (liiroront  "supei's"  or  bodies  for  hol(lin«j  scM'tions  would  l)o  iin- 
possihlo  ill  a  bulletin  of  tliis  size,  and  the  reader  must  bo  referroii  to 
I  atalopies  of  dealers  iii  beekeepinj^  supplies.  Insteml  of  using  regu- 
lar comb-honey  supers,  some  beo  keepers  uso  wide  frames  to  hold  two 
tiers  of  sections.  It  is  better,  however,  to  have  tho  supers  smaller,  so 
that  tho  bees  may  bo  crowded  more  to  produce  fidl  sections.  To 
ijvercome  this  difficulty,  shallow  wide  frames  holdinj^  one  tier  of  sec- 
tions may  bo  useil.  Tho  majority  of  beo  ]<<... w.-  n,.,i  u  „,K  ;^..Ki..  <,, 
uso  special  comb-honey  supers. 

In  producing  comb  honey  it  is  even  more  necessary  to  kn»jw  tlie 
plants  which  produce  surplus  honey,  and  just  wlien  they  com©  in 
bloom,  than  it  is  in  extracted  honey  production.  Tho  colony  should 
bo  so  manipulated  that  the  maximum  field  force  is  ready  for  tho 
beginning  of  tho  flow.  This  requires  caro  in  spring  management, 
and.  above  all,  tho  prevention  of  swarming.  Supers  should  be  put 
on  just  before  the  heavy  flow  begins.  A  good  indication  of  the  need 
of  supei-s  is  the  wliitening  of  tho  brood  combs  at  tho  top.  If  the  bees 
are  in  two  liive-bodies  they  should  generally  be  reduced  to  one,  and 
the  frames  should  bo  filled  with  brood  and  honey  so  that  as  the  new 
crop  comes  in  the  bees  wdil  carry  it  immediately  to  the  sections  above. 
If  large  liives  are  used  for  the  brood  chamber  it  is  often  advisable 
to  remove  some  of  the  frames  and  use  a  division  board  to  crowd  tho 
bees  above.  To  prevent  tho  queen  from  going  into  the  sections  to 
lay,  a  sheet  of  perforated  zinc  (fig.  23)  may  be  put  between  the  brood 
chamber  and  the  super  (fig.  2). 

It  is  often  difficult  to  get  bees  to  begin  work  in  the  small  sec Uoils, 
but  this  should  be  brought  about  as  soon  as  i)ossible  to  prevent  loss 
of  honey.  If  there  are  at  hand  some  sections  which  have  been  j)artly 
drawn  the  previous  year,  these  may  be  put  in  the  super  witli  tho 
new  sections  as  "bait."  Another  good  plan  is  to  put  a  shallow 
extracting  frame  on  either  side  of  the  sections.  If  a  few  colonies 
in  the  apiar\'  that  are  strong  enough  to  go  above  refuse  to  do  so,  lift 
supers  from  some  colonies  that  have  started  to  work  above  and  give 
them  to  the  slow  colonies.  The  super  should  generally  be  sliaded 
somewhat  to  keep  it  from  gettin^r  *' '*  ^"**  \.t;n,.;..]  .,i . ,,..,;, .r  ^vilj 
quickly  force  bees  into  the  supers. 

To  produce  the  finest  (juaUty  of  comb  honey  lull  sheets  of  founda- 
tion should  be  usetl  in  the  sections.  Some  bee  keepers  use  nearly  a 
full  sheet  hung  from  the  top  of  the  section  and  a  narrow  bottom 
starter.     The  use  of  foundation  of  worker-cell  size  is  much  j)referred. 

^Mien  one  super  becomes  half  full  or  more  and  there  are  indications 
that  there  will  be  honey  enough  to  fill  others,  tho  first  one  should  bo 
raised  and  an  empty  one  put  on  the  hive  under  it.  This  tiering  up 
can  be  continued  as  long  as  necessary,  but  it  is  advisable  to  remove 
filled  sections  as  soon  as  possible  after  they  are  nicely  capped,  for 
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they  soon  become  discolored  and  less  attractive.  Honey  removed 
immediately  after  capping  finds  a  better  market,  but  if  left  on  the 
hive  even  until  the  end  of  the  summer  the  quality  of  the  honey  is 
improved.  A  careful  watch  must  be  kept  on  the  honey  flow,  so  as  to 
give  the  bees  only  enough  sections  to  store  the  crop.  If  this  is  not 
done  a  lot  of  unfinished  sections  will  be  left  at  the  end  of  the  flow. 

Honeys  from  different  sources 
should  not  be  mixed  in  the  sections, 
as  it  usually  gives  the  comb  a  bad 
appearance 

To  remove  bees  from  sections, 
the  super  may  be  put  over  a  bee 
escape  so  that  the  bees  can  pass 
down  but  can  not  return,  or  the 
supers  may  be  removed  and  cov- 
ered with  a  wire  -  cloth  -  cone  bee 
escape. 

After  sections  are  removed  the 
wood  should  be  scraped  free  of 
propohs  (bee  glue)  and  then  packed 
in  shipping  cases  (fig.  24)  for  the 
market.      Shipping   cases  to   hold 

FIG.  23.-Perforated  zinc  queen  excluder.  ^^^  34,  Or  48  SCCtioUS,  in  which   the 

various  styles  of  sections  fit  exactly,  are  manufactured  by  dealers 
m  supphes.  In  shipping  these  cases,  several  of  them  should  be  put 
in  a  box  or  crate  packed  in  straw  and  paper  and  handles  provided  to 
reduce  the  chances  of  breakage.  When  loaded  in  a  freight  car  the 
combs  should  be  parallel 


with    the   length  of  the 
car. 

In  preparing  comb 
honey  for  market  it 
should  be  carefully 
graded  so  that  the  sec- 
tions in  each  shipping 
case  are  as  uniform  as 
possible.  Nothing  will 
more  likely  cause  whole- 
sale purchasers  to  cut  the 

.,  i      r«      1  ii       r»      J.  Fig.  24.— Shipping  cases  for  comb  honey. 

price  than  to  find  the  nrst 

row  of  sections  in  a  case  fancy  and  those  behind  of  inferior  grade. 
Grading  rules  have  been  adopted  by  various  bee  keepers'  associa- 
tions or  drawn  up  by  honey  dealers.     The  following  sets  of  rules  are 
in  general  use: 
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i-iinii/.     Ml  .-fM  lioiiH  wt'll  filled;  ronilw  Ktruighl ;  (irmly  iitUirho«l  i  • i  -..1««; 

the  t-omlw  uiitK)iled  by  travol,  stain,  or  otherwise;  nil  the  eelln  Hejiled  except  an  orca- 
HJoiml  one;  the  outside  surface  «>f  the  W(M>d  well  scmix'd  of  |)n»ix>lis. 

A  Xo.  1. — All  sections  well  filled  except  the  row  of  cells  next  t«>  tho  wood;  combd 
siraijjht;  one-eighth  part  of  comb  surface  soiled,  or  tho  entire  8urfn<-e  slightly  flotled; 
the  outside  surface  of  the  wcmmI  well  scraped  of  pro|)olis. 

So.  1. — All  sections  well  filled  ex<'ept  the  row  of  cells  next  to  the  wckmI;  (Mtmbs 
<"omparatively  even;  one-eighth  part  of  comb  surface  soiled,  or  the  entire  surface 
slightly  soiled. 

A'o.  ;'. — Three-fourtlia  of  the  total  surface  must  bo  filled  and  scmled. 

So.  S. — Must  weigh  at  least  half  as  much  as  a  full-weight  section. 

In  addition  to  this  the  honey  is  to  be  classified  according  to  (  •lor.  nsinL'  tin-  terms 
white,  amber,  and  dark;  that  is,  there  will  be  "  Fancy  Whit<». 

THE   PRODUCTION   OF   WAX. 

New  Comb-Honey  Grading  Rules  Adopted  by  the  Colorado  State  Bee 
Keepers'  Association. 

White. — Sections  to  be  well  filled  and  evenly  c-apped,  except  the  outside  row, 
licxi  to  the  w(x)d;  honey  white  or  slightly  amber,  comb  and  cappings  white,  and  not 
pmjecting  lx»yond  the  wtK)d;  wckkI  to  be  W(  11  cleaned;  cases  of  separatored  honey  to 
average  21  i)ounds  net  per  case  of  24  sections;  no  section  in  th's  grade  to  weigh  less  than 
13^  ounces.  CaiJes  of  half-separatored  honey  to  average  not  less  than  22  pounds  net 
[>er  ^-AiH}  of  24  sections.  Cases  of  unseparatored  honey  to  average  not  Uiss  tlian  23 
pounds  net  ix»r  case  of  24  sections. 

No.  1  Light  Amber. — Sections  to  be  well  filled  and  evenly  capped,  except  the  out- 
side row  next  to  the  wood ;  honey  white  or  light  amber;  comb  and  cappings  from  white 
to  of!  color,  but  not  dark;  comb  not  projecting  beyond  the  w(X)d;  wood  to  be  well 
cleaned.  Cases  of  separatored  honey  to  average  21  pounds  net  per  case  of  24  sections; 
no  section  in  this  grade  to  weigh  less  than  1 3  J  ounces.  Cases  of  half-separatored  honey 
to  average  not  less  than  22  pounds  net  per  ca.se  of  2t  sections.  Cases  of  unseparatored 
honey  to  average  not  less  than  23  pounds  net  per  case  of  24  sections. 

No.  2. — This  includes  all  white  honey,  and  amber  honey  not  included  in  the  above 
grades;  sections  to  be  fairly  well  filled  and  capi>ed,  no  more  than  25  uncapjwd  cells, 
excluj^ivo  of  outside  row,  permitted  in  this  grade;  wood  to  be  well  cleaned;  no  se<-tion 
in  this  grade  to  weigh  less  than  12  ounces.  Cases  of  separatored  honey  to  average 
not  le.ss  than  11)  pounds  net.  Cases  of  half-.'^paratored  honey  to  average  not  less  than 
20  pounds  net  |)er  case  of  24  sections.  Cases  of  un.separatored  honey  to  average  not 
less  than  21  pounds  net  per  case  of  24  sections. 

Beeswax,  whicli  is  secreted  by  the  bees  and  used  by  them  for 
building  their  combs,  is  an  important  commercial  product.  There 
are  times  in  almost  every  apiary  when  there  are  combs  to  be  melted 
up,  and  it  pays  to  take  care  of  even  scraps  of  comb  and  the  cappings 
taken  off  in  extracting.  A  common  metliod  ot  taking  out  the  wax 
is  to  melt  the  combs  in  a  solar  wax  extractor.  This  is  perhaps  the 
most  feasible  method  where  little  wax  is  produced,  but  considerable 
wax  still  remains  in  old  brood  combs  after  such  heating.  Various 
wax  presses  are  on  the  market,  or  one  can  be  made  at  liome.  If  much 
wax  is  produced,  the  bee  keeper  should  make  a  carefid  study  of  the 
methods  of  wax  extraction,  as  there  is  usually  much  wax  wasted  even 
after  pressing. 
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PREPARATIONS   FOR   WINTERING. 

After  the  main  honey  flow  is  over  the  management  mu§t  depend 
on  what  may  be  expected  hiter  in  the  season  from  minor  honey  flows. 
If  no  crop  is  to  be  expected,  the  colony  may  weU  be  kept  only  mod- 
erately strong,  so  that  there  will  not  be  so  many  consumers  in  the 
hive. 

In  localities  where  winters  are  severe  and  breeding  is  suspended 
for  several  months  great  care  should  be  taken  that  brood  rearing 
is  rather  active  during  the  late  summer,  so  that  the  colony  may  go 
into  winter  with  plenty  of  young  bees.  In  case  any  queens  show 
lack  of  vitahty  they  should  be  replaced  early,  so  that  the  bees  will 
not  become  queenless  during  the  winter. 

The  important  considerations  in  wintering  are  plenty  of  young 
bee^,  a  good  queen,  plenty  of  stores  of  good  quahty,  sound  hives, 
and  proper  protection  from  cold  and  dampness. 

If,  as  cold  weather  approaches,  the  bees  do  not  have  stores  enough, 
they  must  be  fed.  Every  colony  should  have  from  25  to  40  pounds, 
depending  on  the  length  of  winter  and  the  methods  of  wintering. 
It  is  better  to  have  too  much  honey  than  not  enough,  for  what  is  left 
is  good  next  season.  If  feeding  is  practiced,  honey  may  be  used,  but 
sirup  made  of  granulated  sugar  is  just  as  good  and  is  peifectly  safe. 
If  honey  is  purchased  for  feeding,  great  care  should  be  taken  that  it 
comes  from  a  healthy  apiary,  otherwise  the  apiary  may  be  ruined 
by  disease.  Never  feed  Jioney  hougJit  on  the  open  market.  The  bees 
should  be  provided  with  stores  early  enough  so  that  it  will  not  be 
necessary  to  feed  Or  to  open  the  colonies  after  cold  weather  comes 
on.  Honey  dew  honey  should  not  be  left  in  the  hives,  as  it  produces 
^'dysentery."  Some  honeys  are  also  not  ideal  for  winter  stores. 
Those  which  show  a  high  percentage  of  gums  (most  tree  honeys)  are 
not  so  desirable,  but  wiU  usually  cause  no  trouble. 

In  wintering  out  of  doors  the  amount  of  protection  depends  on 
the  severity  of  the  winter.  In  the  South  no  packing  is  necessary, 
and  even  in  very  cold  climates  good  colonies  with  plenty  of  stores 
can  often  pass  the  winter  with  little  protection,  but  packing  and 
protection  make  it  necessary  for  the  bees  to  generate  less  heat,  and  con- 
sequently they  consume  less  stores  and  their  vitality  is  not  reduced. 
Dampness  is  probably  harder  for  bees  to  withstand  than  cold,  and 
when  it  is  considered  that  bees  give  off  considerable  moisture,  pre- 
cautions should  be  taken  that  as  it  condenses  it  does  not  get  on  the 
cluster.  An  opening  at  the  top  would  allow  the  moisture  to  pass 
out,  but  it  would  also  waste  heat,  so  it  is  better  to  put  a  mat  of 
burlap  or  other  absorbent  material  on  top  of  the  frames.  The  hive 
may  also  be  packed  in  chaff,  leaves,  or  other  similar  dry  material  to 
diminish  the  loss  of  heat.     Some  hives  are  made  with  double  walls, 
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the  space  beinjr  filled  with  cluilF;  tliese  are  pood  for  outdoor  wiuler- 
\ng.  The  hive  entranro  should  bo  lower  than  any  other  part  of  the 
hive,  so  that  any  condensed  moisture  may  run  out.  The  hives 
-hould  be  sound  and  the  covers  tijrht  and  watcri)roof. 

Entrances  sliould  be  contracteti  in  coUl  weather  not  oidy  to  keep 
out  colli  wind,  but  to  prevent  mice  from  entering.  There  should 
dways  be  enouj^h  room,  howevcy*,  for  bees  to  ptiss  in  and  out  if 
warmer  weather  permits  a  flight. 

In  the  liands  of  exj)erienced  bee  keepers  cellar  wintering  is  very 
successful,  but  this  methotl  requires  careful  study.  The  cellar  must 
l>e  dry  and  so  protected  that  the  temperature  never  varies  more  than 
from  40  to  45°  F.;  43°  F.  seems  to  be  the  optimum  temperature. 
The  ventilation  must  be  good  or  the  bees  become  fretful.  Ligiit 
should  not  bo  admitted  to  the  cellar  Mud  (onsocjncnnv  sinnw  nuj.ns 
of  indirect  ventilation  is  necessary. 

Cellar  wintering  recpiires  the  consuiuplion  of  less  liouey  to  main- 
tain the  proper  temperature  in  the  cluster  and  is  therefore  econom- 
ical. Bees  so  wintered  do  not  have  an  opportunity  for  a  cleansing 
IHght,  often  for  several  months,  but  the  low  consumj)tion  makes 
this  less  necessary.  Some  bee  keepers  advocate  canying  the  colonies 
out  a  few  times  on  warm  days,  but  it  is  not  fully  established  whether 
this  is  entirely  beneficial  and  it  is  usually  not  practiced. 

The  time  for  putting  colonies  in  the  cellar  is  a  point  of  dispute, 
and  practice  in  this  regard  varies  considerably.  They  should  cer- 
tainly be  put  in  before  the  weather  becomes  severe  and  as  soon  i\s 
they  have  ceased  brood  rearing.  The  time  chosen  may  be  ;'t  "5<^lft 
when  they  are  all  in  the  hive,  or  on  some  chilly  day. 

The  hives  may  be  piled  one  on  top  of  the  other,  the  lower  tier 
raisetl  a  little  from  the  floor.  The  entrances  should  not  be  con- 
tracted unless  the  colony  is  comparatively  weak.  It  is  usually  not 
considered  good  policy  to  close  the  entrances  with  onlinar}'  wire 
cloth,  as  the  dead  bees  wliich  accumulate  more  or  less  on  tlie  bottom 
boards  may  cut  off  ventilation,  and  the  entrance  should  be  free  so 
that  these  may  be  cleaned  out. 

It  is,  however,  good  policy  to  cover  the  entrance  with  win*  dntli 
having  three  meshes  to  the  inch  to  keep  out  mice. 

The  time  of  removing  bees  from  the  cellar  is  less  easily  deter- 
mined than  that  of  putting  them  in.  The  colonies  may  be  removed 
early  and  wrapped  in  blacJc  tar  paper  or  left  until  the  weather  is 
settled.  If  the  weather  is  very  warm  and  the  bees  become  fretful, 
the  cellar  must  either  be  cooled  or  the  bees  removed.  Some  bee 
keepers  prefer  to  remove  bees  at  night,  so  that  they  can  recover 
from  the  excitement  and  fly  from  the  hive  normally  in  the  morning. 
One  of  the  chief  difficulties  is  to  prevent  the  bees  from  getting  into 
the  WTong  hives  after  their  first  flights.     They  often  'Mrift"  badly 
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with  the  wind,  and  sometimes  an  outside  row  will  become  abnor- 
mally strong,  leaving  other  colonies  weak. 

The  night  before  the  bees  are  removed  from  the  cellar  it  is  good 
practice  to  leave  the  cellar  doors  and  windows  wide  open. 

DISEASES   AND    ENEMIES. 

There  are  two  infectious  diseases  of  the  brood  of  bees  which  cause 
great  losses  to  the  beekeeping  industry  of  the  United  States.  These 
are  known  as  American  foul  brood  and  European  foul  brood.  Both 
of  these  diseases  destroy  colonies  by  killing  the  brood,  so  that  there 
are  not  enough  young  bees  emerging  to  take  the  place  of  the  old 
adult  bees  as  these  die  from  natural  causes.  The  adult  bees  are 
not  attacked  by  either  disease.  In  the  hands  of  careful  bee  keepers 
both  diseases  may  be  controlled,  and  this  requires  careful  study  and 
constant  watching.  In  view  of  the  fact  that  these  diseases  are  now 
widely  distributed  throughout  the  United  States,  every  bee  keeper 
should  read  the  available  literature  on  the  subject,  so  that  if  disease 
enters  his  apiary  he  may  be  able  to  recognize  it  before  it  gets, a  start. 
The  symptoms  and  the  treatment  recommended  by  this  depart- 
ment are  given  in  another  publication  which  will  be  sent  free  on 
request.^ 

It  is  difficult  for  a  bee  keeper  to  keep  his  apiary  free  from  disease 
if  others  about  him  have  diseased  colonies  which  are  not  properly 
treated.  The  only  way  to  keep  disease  under  control  is  for  the 
bee  keepers  in  the  neighborhood  to  cooperate  in  doing  everything 
possible  to  stamp  out  disease  as  soon  as  it  appears  in  a  single  colony. 
The  progressive  bee  keeper  who  learns  of  disease  in  his  neighborhood 
should  see  to  it  that  the  other  bee  keepers  around  him  are  supplied 
with  literature  describing  symptoms  and  treatment,  and  should  also 
try  to  induce  them  to  unite  in  eradicating  the  malady.  Since  it  is 
so  often  impossible  to  get  all  of  the  bee  keepers  in  a  community 
to  treat  infected  colonies  properly  and  promptly,  it  is  desirable 
that  the  States  pass  laws  providing  for  the  inspection  of  apiaries  and 
granting  to  the  inspector  the  power  to  compel  negligent  bee  keepers 
to  treat  diseased  colonies  so  that  the  property  of  others  may  not  be 
endangered  and  destroyed.  This  has  been  done  in  a  number  of 
States,  but  there  are  still  some  where  the  need  is  great  and  in  which 
no  such  provision  has  been  made.  When  no  inspection  is  provided, 
bee  keepers  should  unite  in  asking  for  such  protection,  so  that  the 
danger  to  the  industry  may  be  lessened. 

In  case  there  is  an  inspector  for  the  State  or  county,  he  should 
be  notified  as  soon  as  disease  is  suspected  in  the  neighborhood. 
Some  bee  keepers  hesitate  to  report  disease  through  fear  that  the 

1  Fanners'  Bulletin  No.  442,  "The  Treatment  of  Bee  Diseases." 
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inspector  will  dostroy  their  bees  or  because  they  feel  that  it  is  a 
<lis«xraco  U>  have  disease  in  the  apiary.  There  is  no  disj^race  in  having 
colonies  Invonie  dist^astnl;  the  discnMlit  is  in  not  tn^atin^  them 
promptly.  The  inspectors  are  usually,  if  not  universally,  goo<l 
practical  lH»e  k(M*p(^rs  who  from  a  wide  experience,  are  able  to  tell 
what  should  l>e  done  in  individual  cases  tx)  give  the  best  results 
with  the  least  cost  in  material  and  lal)or.  They  do  not  destroy  col- 
onies IK     "      \  ,  and,  in  fact,  they  all  advocate*  and  teach  treatment. 

The  1  Incases  are  frequently  introduced  into  a  locality  by  the 

shipping  in  of  diseased  colonies;  or,  more  often,  the  bees  get  honey 
from  infected  cohmies  which  is  fed  to  them,  or  which  they  rob,  from 
discarded  honey  cans.  It  is  decidedly  dangerous  to  purchase  honey 
on  the  market,  with  no  knowledge  of  its  source,  to  Iw  used  in  feeding 
bees.  Many  outbreaks  of  disease  can  be  traced  ti)  this  practice 
(see  '^Feeding,"  p.  26).  It  is  dillicult  to  prevent  bees  from  getting 
contaminated  honey  accidentally.  If  colonies  are  purchased,  great 
care  should  be  taken  that  there  is  no  disease  pn»sent.  Wienever 
possible,  colonies  should  be  purchased  near  at  home,  unless  dis- 
ease is  already  present  in  the  neighborhood. 

There  are  other  diseased  conditions  of  the  brood,  known  to  bee 
keepers  as  "pickle  brood,"  but  these  can  usually  be  distinguished 
from  the  two  diseases  previously  mentioned.  The  so-called  ''pickle 
brood"  is  not  contagious  and  no  treatment  is  necessary.  Bees  also 
suffer  from  "dysentery,"  which  is  discussed  in  the  earlier  part  of  this 
bulletin,  and  from  the  so-called  ''paral^^sis,"  a  disease  of  adult  bees. 
No  treatment  for  the  latter  disea.se  can  as  yet  be  recommended  as 
reliable.  The  sprinkling  of  powdered  sulphur  on  the  top  bars  of 
frames  or  at  the  entrance  is  sometimes  claimed  to  be  effective,  but 
under  what  circumstances  it  is  beneficial  is  unknowTi. 

A  number  of  insects,  birds,  and  mammals  must  be  classed  as  ene- 
mies of  bees,  but  of  these  the  two  wax  moths,  and  ants,  are  the  only 
ones  of  importance.  There  are  two  species  of  moth,  the  larger  wax 
moth  ( Galleria  meUoneUa  L.) ,  and  the  lesser  wax  moth  ( Achroia  griseUa 
Fab.),  the  larvae  of  which  dostroy  combs  by  burrowing  through 
them.*  Reports  are  frequently  received  in  the  department  that  the 
larvae  of  these  moths  (usually  the  larger  species)  are  destroying  colo- 
nies of  bees.  It  may  be  stated  positively  that  moths  do  not  destroy 
strong,  healthy  colonies  in  good  hives,  and  if  it  is  supposed  that  they 
are  causing  damage  the  bee  keeper  should  carefully  study  his  colonies 
to  see  what  other  trouble  has  weakened  them  enough  for  the  moths 
to  enter.  Queenlessness,  lack  of  stores,  or  some  such  trouble  may  be 
the  condition  favorable  to  the  entrance  of  the  pest,  but  a  careful 
examination  should  be  made  of  the  brood  to  see  whether  there  is  any 

>  Boe  keepers  refer  to  these  Insects  as  "moths,"  "wax  moths,"  "bee  moths,"  "millers,"  "wax  worms," 

"honov  i!iotl.<    ■  ''moth  wonns."  "moth  nilllpfs,"  and  "grubs."     The  last  six  tpmis  are  not  corrert. 


44  BEES. 

evidence  of  disease.  This  is  the  most  frequent  cause  of  the  cases  of 
moth  depredation  reported  to  this  department.  Black  bees  are  less 
capable  of  driving  moth  larvae  out,  but,  even  with  these  bees,  strong 
colonies  rarety  allow  them  to  remain.  The  observance  of  the  golden 
rule  of  bee  keeping,  ''Keep  all  colonies  strong,"  will  solve  the  moth 
question  unless  disease  appears. 

Moth  larvae  often  destroy  combs  stored  outside  the  hive.  To 
prevent  this  the  combs  may  be  fumigated  with  sulphur  fumes  or 
bisulphid  of  carbon  in  tiers  of  hives  or  in  tight  rooms.  If  bisulphid 
of  carbon  is  used,  great  care  should  be  taken  not  to  bring  it  near  a 
flame,  as  it  is  highly  inflammable.  Combs  should  be  stored  in  a  dry, 
well- ventilated,  light  room. 

In  the  warmer  parts  of  the  country  ants  are  often  a  serious  pest. 
They  may  epter  the  hive  for  protection  against  changes  of  tempera- 
ture, or  to  prey  on  the  honey  stores  or  the  brood.  The  usual  method 
of  keeping  them  out  is  to  put  the  hive  on  a  stand,  the  legs  of  which 
rest  in  vessels  containing  water  or  creosote.  Another  method  is  to 
wrap  a  tape  soaked  in  corrosive  sublimate  around  the  bottom  board. 

GENERAL   INFORMATION. 

For  the  purpose  of  answering  numerous  questions  which  are  asked 
of  this  department  the  following  brief  topics  are  included. 

BREEDERS    OF    QUEENS. 

There  are  a  large  number  of  bee  keepers  who  make  a  business  of 
rearing  queens  of  good  stock  for  sale.  The  queens  are  usually  sent 
by  mail.  If  poor  stock  is  all  that  can  be  obtained  locally,  it  is  recom- 
mended that  such  colonies  be  purchased  and  the  queens  removed  and 
replaced  with  those  obtained  from  a  good  breeder.  This  department 
can  supply  names  of  breeders,  nearest  the  applicant,  of  any  race  raised 

in  this  Qountry.  • 

INTRODUCING   QUEENS. 

When  queens  are  shipped  by  mail  they  usually  come  in  cages  (fig. 
25)  which  can  be  used  for  introducing.  If  the  colony  to  receive  the 
new  queen  has  one,  she  must  be  removed  and  the  cage  inserted 
between  the  frames.  The  small  hole  leading  into  the  candy  com- 
partment is  uncovered,  and  the  bees  gradually  eat  through  and 
release  the  queen.  If  queens  are  reared  at  home,  a  similar  cage  may 
be  used  for  introducing.  In  view  of  the  fact  that  disease  may  be 
transmitted  in  mailing  cages,  it  is  always  a  wise  precaution  to  remove 
the  new  queen  and  destroy  the  accompanying  workers  and  the  cage 
and  its  contents.  The  queen  may  then  be  put  into  a  clean  cage 
without  worker  bees,  with  candy  known  to  be  free  from  contamina- 
tion ( made  from  honey  from  healthy  hives) ,  and  introduced  in  the 
regular  way. 
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Queens  sold  by  breeders  are  always  inatcMl  unless  othen^^ise  speci- 
fied, and  constMiuontly  the  colony  in  wliich  thoy  are  introduced  lias 
no  effect  on  her  oiTsprin^j:.  During  the  adivo  s<Mison  the  lx»es  in  the 
colony  are  all  the  ofTsprinp:  of  the  new  queen  in  about  nine  weeks. 
Three  weeks  is  required  for  the  previous  brood  to  enicrjije  (if  the 
colony  has  not  l)een  queenless),  and  in  six  weeks  after  all  the  old 
brood  emerges  most  of  the  workers  from  it  will  have  died.  Queens 
are  usually  sold  according?  to  the  following:  classification: 

**  Vniesttd  queen^' — one  that  has  mated,  but  the  race  of  the  drone 
is  not  known. 

"  Tested  queen'' — one  ihal  lias  mated  and  has  been  kept  only  long 
enough  to  show,  from  the  markings  of  her  progeny,  that  ^v  mated 
with  a  drone  of  her  own  race. 

^^ Breeding  queen*^ — a  tested  queen  which  has  sliown  poni*K  ui  supe- 
riority, making  her  desirable  for  breeding  purposes. 

DEALERS   IN  BEE   KEEPERS'  SUPPLIES. 

There  are  several  manufacturers  of  supplies  in  this  country  who 
can  furnish  almost  anything  desired  by  the  bee  keeper.     Some  of 
them  luive  agents  in  various  parts  of  the  country  from  whom  supplies 
may  bo  purchased,  thus 
saving    considerable    in 
freight. 

BEE     KEEPERS'    ASSO- 
CIATIONS. 

There  are  a  large  num- 
ber of  associations  of  bee 
keepers  in  all  parts  of 
the  country,  formed  for 
the  betterment  of  the  industry,  and  a  few  associations  whicli  are  organ- 
ized to  aid  the  members  in  purchasing  supplies  and  in  selling  the  crops. 
Of  these  the  National  Bee  Keepers'  Association  is  the  largest.  It  helps 
its  members  in  obtaining  their  legal  rights,  and  aids  in  securing  legisla- 
tion for  the  furtherance  of  the  industry.  The  annual  conventions  are 
held  in  different  parts  of  the  country,  and  copies  of  the  proceedings  are 
sent  to  the  members.  There  are  also  numerous  State,  county,  and 
town  associations,  some  of  which  publish  proceedings.  The  names 
of  officers  of  the  nearest  associations  or  of  the  National  Bee  Keepers' 
Association  will  be  sent  from  this  department  on  request. 


Fig.  25.— Queeu  mailiug  ca^e. 


LAWS   AFFECTING   BEEKEEPING. 


Disease  inspection. — Various  States  have  passed  laws  providing 
for  the  State  or  county  inspection  of  apiaries  for  bee-disease  control, 
and  every  bee  keeper  should  get  in  touch  with  an  inspector  when 
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disease  is  suspected,  if  one  is  provided.  The  inspectors  are  practical 
bee  keepers  who  fully  understand  how  to  control  the  diseases,  and 
are  of  great  help  in  giving  directions  in  this  matter.  The  name  of 
the  inspector  of  any  locality  can  usually  be  furnished,  and  this 
department  is  glad  to  aid  bee  keepers  in  reaching  the  proper  officers. 

Laws  against  spraying  fruit  trees  while  in  bloom. — The  spraying 
of  fruit  trees  while  in  bloom  is  not  now  advised  by  economic  ento- 
mologists, and  to  prevent  the  practice  some  States  have  passed 
laws  making  it  a  misdemeanor.  Such  spraying  not  only  Idlls  off 
honey  bees,  causing  a  loss  to  the  bee  keeper,  but  interferes  with  the 
proper  pollination  of  the  blossoms  and  is  thus  a  detriment  to  the 
fruit  grower.  Bee  keepers  should  do  everything  in  their  power  to 
prevent  the  practice. 

Laws  against  the  adulteration  of  honey. — The  national  food  and 
'drugs  act  of  1906,  and  various  State  pure  food  laws,  are  a  great  aid 
to  the  bee  keeper  in  preventing  the  sale  of  adulterated  extracted 
honey  as  pure  honey.  Bee  keepers  can  often  aid  in  this  work  by 
reporting  to  the  proper  officials  infringements  of  these  laws  which 
come  to  their  notice. 

When  bees  are  a  nuisance. — Some  cities  have  passed  ordinances 
prohibiting  the  keeping  of  bees  in  certain  areas,  but  so  far  none 
has  been  able  to  enforce  them.  If  bees  are  a  nuisance  in  individual 
cases,  the  owner  may  be  compelled  to  remove  them.  The  National 
Bee  Keepers'  Association  will  help  any  of  its  members  in  such  cases, 
if  they  are  in  the  right,  as  well  as  in  cases  where  bees  sting  horses. 
Bee  keepers  should  be  careful  not  to  locate  bees  where  they  can 
cause  any  trouble  of  this  kind. 

SUPPOSED   INJURY   OF   CROPS  BY  BEES. 

Bee  keepers  are  often  compelled  to  combat  the  idea  that  bees 
cause  damage  to  fruit  or  other  crops  by  sucking  the  nectar  from  the 
flower.  This  is  not  only  untrue,  but  in  many  cases  the  bees  are  a 
great  aid  in  the  pollination  of  the  flowers,  making  a  good  crop  possible. 
A  more  frequent  complaint  is  that  bees  puncture  fruit  and  suck  the 
juices.  Bees  never  puncture  sound  fruit,  but  if  the  skin  is  broken 
by  some  other  means  bees  will  often  suck  the  fruit  dry.  In  doing  it, 
however,  they  are  sucking  fruit  which  is  already  damaged.  These 
and  similar  charges  against  the  honey  bee  are  prompted  by  a  lack  of 
information  concerning  their  activities.  Bees  may,  of  course,  become 
a  nuisance  to  others  through  their  stinging  propensities,  but  bee 
keepers  should  not  be  criticized  for  things  which  their  bees  do  not  do. 

JOURNALS  AND  BOOKS   ON  BEEKEEPING. 

The  progressive  bee  keeper  will  find  it  to  his  profit  to  subscribe 
for  at  least  one  journal  devoted  to  beekeeping.  Several  of  these 
are  published  in  the  United  States.     The  names  and  addresses  6f 
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siioli  journals  may  usually  he  obtained  from  a  subscription  agent 
f(»r  ]>(M*i(Hiicals,  or  from  a  supply  tlrulor. 

It  will  also  be  advantageous  (o  read  and  study  books  on  beekeep- 
ing, of  which  several  are  published  in  this  country.  These  are 
advertised  in  journals  devote<l  to  beekeeping,  or  may  usually  bo 
obtainoil  through  the  local  book  dealer  or  through  dealers  m  bee 
keepers'  supplies. 

PUBLICATIONS  OF  THE  DEPARTMENT  OF  AGRICUXTITRE  ON  BEB 

KEEPING.' 

There  are  several  publications  of  this  department  which  are  of 
interest  to  bee  keepers,  ami  new  ones  are  added  from  time  to  time  in 
regard  to  the  difTerent  lines  of  investigation. 

The  following  publications  relating  to  bee  culture,  prepared  in  the 

Bureau  of  Entomology,  are  for  free  distribution  and  may  be  obtained 

by  addressing  the  Secretary  of  Agriculture:- 

Farmers'  BuUetin  No.  447,  "Beea."    By  E.   F.   Phillips     '•      "      '' 
25  lips. 

A  general  account  of  tke  management  of  Xtees. 

Farmers'  Bulletin  No.  442,  ''The  Treatment  of  Bee  Disea.se8."  By  E.  F.  Phillii>8, 
Ph.  D.     1911.     22  pp.,  7  figs. 

This  publication  gives  briefly  the  symptoms  of  the  various  bee  diseases,  with  directions  for  treatment. 

Circular  No.  94,  "The  Cause  of  American  Foul  Brood."    By  G.  F.  White,  Ph.  D. 

1907.  4  pp. 

This  publication  contains  a  brief  account  of  tho  investigations  which  demonstrated  for  the  first  time 
the  cause  of  one  of  the  brood  diseases  of  bees,  American  foul  brood. 

Circular  No.  138.  "The  Occurrence  of  Bee  Di.seases  in  the  United  States.  (Prelimi- 
nar>'  Report.)"     By  E.  F.  Philliiw,  Ph.  I).     1911.     25  pp. 

A  record  of  the  localities  from  which  samples  of  diseased  brood  wcrerooeivod  prior  to  March  1,  1911. 

Bulletin  No.  55,  "The  Rearing  of  Queen  Bees."  By  E.  F.  Phillips,  Ph.  D.  1905. 
32  pp.,  17  fips. 

A  (;eneral  accoimt  of  the  methods  used  in  queen  rearing.    Several  methods  are  given,  so  that  the  Ijee 
keeper  may  choose  those  best  suited  to  his  individual  needs. 

Bulletin  No.  70,  "Rejwrt  of  the  Meeting  of  Inspectors  of  Apiaries,  San  Antonio, 
Ti'X     Xov.-Tnl.cr  12.  lOOfi  *'     1907.     79  i)p.,  1  plate. 

■  <liaease  investigations,  an  account  of  the  relationship  of  bacteria  to 
:  treatment  by  various  inspectors  of  apiaries  and  other  practical  l)ee 
t  <■«•{<«■  r.s  WHO  are  luiiuuar  wan  <iu>eases  of  )>ees. 

Bulletin  No.  75,  Part  I,  "Production  and  Care  of  Extracted  Honey."  By  E.  F*. 
Phillips,  Ph.  D.  "  Methods  of  Honey  Testing  for  Bee  Keepers. "  By  0.  A.  Browne, 
Ph.  D.     1907.     18  pp. 

-TV.    _     .,     J.  qj  producing  extracted  *    - Uh  special  reference  to  the  care  of  honey  after  it  is 

\:\  iiees,  SO  that  its  value  nil  reased  by  improper  handling.    The  second  portion 

ui  ion  gives  some  simple  l(.  ration. 

Bulletin  No.  75,  Part  II, ' '  Wax  Moths  and  American  Foul  Brood."  By  E.  F.  Phillips, 
Ph.  D.     1907.     Pp.  19-22,  3  plates. 

An  accoimt  of  the  behavior  of  the  two  species  of  wax  moths  on  comics  containing  .\merican  foul 
brood,  showing  that  moths  do  not  destroy  the  disease-carrying  scales. 

Bulletin  No.  75,  Part  III,  "Bee  Diseases  in  Maasachusetti?. "    By  Burton  N.  Gates. 

1908.  Pp.  23-32,  map. 

An  account  of  the  distribution  of  the  brood  diseases  of  Ijees  in  the  State,  with  brief  directions  for 
contnrfUng  them. 

>Listre>ised  to  April  1,1911.    (VII.) 

*  Farmers'  Bulletin  No.  39.  "Bee  Keeping,"  and  Farmers'  Bulletin  No.  397,  "Bees," have  Ijeen  super- 
seded by  Farmers'  Bulletin  No.  447. 
Circular  No.  79,  "The  Brood  Diseases  of  Bees,"  has  )>een  superseded  by  Farmers'  Btilletin  No.  442. 
Bulletin  No.  1,  "The  Uoney  Bee,"  has  been  discontinued. 
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Bulletin  No.  75,  Part  IV, ' '  The  Relation  of  the  Etiology  (Cause)  of  Bee  Diseases  to  the 
Treatment."    By  G.  F.  White,  Ph.  D.     1908.     Pp.  33-42. 

The  necessity  for  a  knowledge  of  the  cause  of  bee  diseases  before  rational  treatment  is  possible  is 
pointed  out.    The  present  state  of  knowledge  of  the  causes  of  disease  is  summarized . 

Bulletin  No.  75,  Part  V,  **A  Brief  Survey  of  Hawaiian  Bee  Keeping."  By  E.  F. 
Phillips,  Ph.  D.     1909.     Pp.  43-58,  6  plates. 

An  account  of  the  beekeeping  methods  used  in  a  tropical  country  and  a  comparison  with  mainland 
conditions.    Some  new  manipulations  are  recommended. 

Bulletin  No.  75,  Part  VI, ' '  The  Status  of  Apiculture  in  the  United  States. "  By  E.  F. 
Phillips,  Ph.  D.     1909.     Pp.  59-80. 

A  survey  of  present-day  beekeeping  in  the  United  States,  with  suggestions  as  to  the  work  yet  to 
be  done  before  apiculture  will  have  reached  its  fullest  development. 

Bulletin  No.  75,  Part  VII,  **Bee  Keeping  in  Massachusetts."    By  Burton  N.  Gates. 

1909.  Pp.  81-109,  2  figs. 

An  account  of  a  detailed  study  of  the  apicultural  conditions  in  Massachusetts.  The  object  of  this 
paper  is  to  point  out  the  actual  conditions  and  needs  of  beekeeping  in  New  England. 

Bulletin  No.  75,  Contents  and  Index.     1911.     Pp.  viii+111-123. 

Bulletin  No."  75,  Parts  I-VII,  complete  with  Contents  and  Index.  1911.  Pp. 
viii+123. 

Bulletin  No.  98.  "Historical  Notes  on  the  Causes  of  Bee  Diseases."  By  E.  F. 
Phillips,  Ph.  D.,  and  G.  F.  White,  Ph.  D.,  M.  D.     (In  press.) 

A  summary  of  the  various  investigations  concerning  the  etiology  (cause)  of  bee  diseases. 

Technical  Series,  No.  14,  '  *  The  Bacteria  of  the  Apiary,  with  Special  Reference  to  Bee 
Diseaaes."    By  G.  F.  White,  Ph.  D.     1906.     50  pp. 

A  study  of  the  bacteria  present  in  both  the  healthy  and  the  diseased  colony,  with  special  reference  to 
the  diseases  of  bees. 

Technical  Series  No.  18,     "The  Anatomy  of  the  Honey  Bee."    By  R.  E.  Snodgrass. 

1910.  162  pp.,  57  figs. 

An  accomit  of  the  structure  of  the  bee,  with  technical  terms  omitted  so  far  as  possible.  Practically 
all  of  the  illustrations  are  new,  and  the  various  parts  are  interpreted  according  to  the  best  usage  in 
comparative  anatomy  of  insects.    A  brief  discussion  of  the  physiology  of  the  various  organs  is  included . 

BUREAU   OF   CHEMISTRY. 

Bulletin  No.  110,  "Chemical  Analysis  and  Composition  of  American  Honeys."  By 
C.  A.  Browne.  Including  "A  Microscopical  Study  of  Honey  Pollen."  By  W.J. 
Young.     1908.    93  pp.,  1  fig.,  6  plates. 

A  comprehensive  study  of  the  chemical  composition  of  American  honeys.  This  publication  is 
technical  in  nature  and  will  perhaps  be  little  used  by  practical  bee  keepers,  but  it  is  an  important 
contribution  to  apicultural  literature.  By  means  of  tliis  work  the  detection  of  honey  adulteration  is 
much  aided.] 

HAWAII  AGRICULTURAL   EXPERIMENTAL   STATION,  HONOLULU,  HAWAII. 

Bulletin  No.  17,  * ' Hawaiian  Honeys. "  By  D.  L.  Van  Dine  and  Alice  R.  Thompson. 
1908.     21  pp.,  1  plate. 

A  study  of  the  source  and  composition  of  the  honeys  of  Hawaii.  The  peculiar  conditions  found  on 
these  islands  are  dealt  with. 


[A  list  giving  the  titles  of  all  Farmers'  Bulletins  available  for  distribution  will  be 
sent  free  upon  application  to  a  Member  of  Congress  or  the  Secretary  of  Agriculture.] 
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LETTER  OF  TRANSMITTAL 


U.  S.  Department  of  Agriculture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
Washington,  D.  C,  March  13,  1911, 

Sir:  I  have  the  honor  to  transmit  and  to  recommend  for  publi- 
cation as  a  Farmers'  Bulletin  the  accompanying  manuscript  on 
'' Better  Grain-Sorghum  Crops,"  prepared  by  Mr.  Carleton  R.  Ball, 
Agronomist  in  Charge  of  Grain-Sorghum  Investigations,  under  the 
direction  of  Mr.  M.  A.  Carleton,  Cerealist  in  Charge  of  Grain  Investi- 
gations. 

The  areas  devoted  to  grain  sorghums  in  the  dry  regions  of  the 
Southwest  are  rapidly  increasing.  The  importance  of  these  crops, 
however,  is  even  greater  than  can  be  measured  in  terms  of  increased 
acreage.  They  are  staple  crops  in  much  of  the  new  dry-farming 
area  of  the  southern  Plains  region  and  other  parts  of  the  Southwest. 
In  many  cases  they  are  the  chief  dependence  of  the  new  settler,  and 
their  success  or  failure  determines  his  ability  to  become  established. 

This  paper  presents  the  best  known  methods  of  improving  the 
grain-sorghum  crops  on  the  farms  where  they  are  grown.  These 
methods  are  simple  and  inexpensive  of  time  or  money,  and  are 
therefore  within  the  reach  of  all  farmers.  More  attention  to  the 
bettering  of  the  quality  and  yields  will  be  repaid  as  fully  in  these 
crops  as  in  other  cereals. 

Respectfully,  Wm.  A.  Taylor, 

Acting  Chief  of  Bureau. 

Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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HlHTl-R  GRAIN-SOR(;illM  CROPS 


INTRODUCTION. 

Tho  aim  of  this  paper  is  to  tell  the  farnier  who  is  j^rowinj^  prain 
<ort;hiinis  iiow  he  can  best  improve  these  crops.  Bv  <^rain  sopij^miins 
IS  meant  all  the  difrerent  varieties  of  the  f^roiij)s  of  sor<j:Iuims  caHed 
luilo,  kafir,  (liirra,  and  kowlian*;.  Of  these  p^roups  only  the  kafirs 
are  thrown  to  any  extent  for  forage,  apart  from  the  grain.  T]w>  otlup 
_croups  are  grown  almost  wholly  for  tlie  yields  of  grain. 

By  improvement  is  meant  changes  both  in  the  liahits  oi  im-  jM.niis 
themselves  and  in  the  methods  of  handling  them.  These  changes 
mnst  be  such  as  will  make  them  better  yiehhMs  or  otherwise  better 
achipted  to  the  neetls  of  the  grower.  Some  of  these  changes  will  be 
in  the  matter  of  purer  varieties,  greater  drought  resistance,  incn'ascd 
earliness,  dwarf er  stature,  better  heads,  thinner  seeding,  and  macliine 
harvesting. 

In  many  localities  unimproved  varieties  of  grain  sorghums  are 
l>eing  grown.  Most  farmei*s  can  improve  their  local  varieties.  Some 
of  them  do  so  to  a  very  creditable  extent;  others  neglect  this  entirelv. 
Such  work  should  be  much  moie  generally  done,  and  probably  would 
be  if  the  methods  of  doing  it  were  more  commonly  uiichM-stood.  In 
other  communities  improved  varieties  have  been  introduced  and  are 
fi^rown  by  most  of  tlie  farmers.  The  work  of  impioving  them  must 
be  continued  bv  the  growei*s,  however,  or  the  vaiieties  are  likely  to 
become  tjradually  j)oorer.  This  is  caused  by  accidental  mixtures  of 
<eed  or  by  crossing  with  other  varieties  or  with  unimprove<l  <!.,.; i,s; 
i»f  the  same  variety. 

Tue  annual  loss  from  smut  is  serious,  in  the  kafir  varieties,  i^jx- 
cially,  though  it  may  reatlily  be  j)revented.  The  milo  varieties  are 
not  affected  by  smut  under  any  circumstances. 

Before  taking  up  the  study  of  methods  of  unprovement  it  is 
desirable  to  consider  the  region  in  whicii  these  crops  are  grown  and 
to  know  something  of  their  origin,  liistory,  general  ada|)tations,  and 
importance. 

THE  GRAIN-SORGHUM  BELT. 

The  ^rain  soif^hums  are  most  largely  grown  in  the  southern  half 
of  the  Great  Plains  region  (fig.  1). 

BOUND  ARIES. 

Broadly  speaking,  this  region  inckules  the  plain  lying  between 
the  ninety-eighth  meridian  of  longitude  and  the  Rocky  Mountains. 
The  southern  half  of  it  may  be  said  to  includ"  '^  "  •""  ■  iw'*"*w...  ti.^^ 
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northern  boundary  of  Kansas  and  the  Mexican  border,  although  the 
extreme  southern  part  of  western  Texas  does  not  belong  to  the  Plains 
proper.  The  area  thus  bounded  takes  in  the  western  half  of  Kansas, 
the  western  third  of  Oklahoma,  the  western  half  of  Texas,  and  all  of 
Colorado  and  New  Mexico  lying  east  of  the  mountains.     In  round 


Fig.  1.— Map  of  the  Great  Plains  area,  showing  the  annual  and  the  seasonal  rainfall. 

numbers  it  is  400  miles  wide  and  1,000  miles  long.  So  important 
are  these  crops  in  this  area  that  it  may  well  be  called  the  '^  grain- 
sorghum  belt." 

SURFACE  FEATURES. 

The  surface  of  the  area  just  outlined  is  in  general  a  gently  rolling 
plain,  sloping  steadily  eastward  from  an  elevation  of  4,000  to  5,000 
feet  at  the  base  of  the  Rockies  to  an  average  elevation  of  1,000  to 
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1,500  fiH't  at  iho  niiu'lv-t'i^JiUi  iiu'ricliaii.  i  he  hi«;lir,st  section  la 
tlioso  j)lains  is  not  at  tlio  baso  of  tlu^  inoimtains  hut  some  distance 
east  ot  thoni,  in  KlIuMt  and  Kl  Paso  Counties,  Colo.,  where  tlie  ahitude 
increases  to  nearly  or  (juite  (),')()()  feet.  While  the  main  slope  is 
toward  the  east,  there  is  also  a  secondary  slope  to  the  north  and 
south  from  this  hit^h  area  in  Colorado.  Looked  at  from  above,  the 
surface  of  the  whole  Great  Plains  rejjion  may  he  compared  in  outline 
to  half  of  an  inverted  saucer,  the  rim  lying  toward  the  east. 

SOILS  AND  PLANT  COVERING. 

The  soils  of  tliis  rej^ion  vary  from  the  dark  clays  of  the  central 
Panhandle  and  the  red  days  of  western  Oklaiioma,  through  sandy 
loams  found  in  scattered  areas  throughout  the  whole  region,  to  ver}^ 
santly  soils  such  as  characterize  the  sand-hill  country  of  Kansas  and 
Colorado. 

The  plant  covering  of  the  loams  and  clays  is  mostly  a  dense  sod  of 
buffalo  grass  and  blue  grama  mixed.  In  general  these  are  called 
"tight"  lands  or  ''short-grass"  country.  In  southwest  Textis  the 
buifalo  <;rass  gives  place  to  the  curly  mesquite  (Ililana  cenchroiiles) , 
or  running  mescjuite,  tus  it  is  often  called.  On  the  more  sandy  soils 
are  founcl  taller  and  more  bunchy  grasses,  such  as  the  bluestems 
{Andropixjon  spi).)  and  the  needle  grasses,  or  wire-grasses  (Aristida 


spp.).  In  much  of  western  Texius  the  plains  have  been  largely 
covered  by  a  more  or  less  dense  growth  of  the  mes(juite  tree  (Pro- 
sopis).  In  southern  Texas  this  becomes  a  lar^e  tree,  but  as  it  ascends 
to  the  higher  plains  its  size  diminishes  until  m  the  upper  Panhandle 
it  is  only  a  low^  shrub  or  bush. 

CLIMATE. 

WTiat  really  sepi>rates  the  so-called  Great  i^lains  region  from  the 
country  lyin^  immediately  east  of  it  is,  primarily,  not  difTcrcnces  in 
either  elevation  or  soil,  but  the  lower  rainfall  and  higher  evapora- 
tion of  moisture.  The  average  annual  rainfall  for  the  grain-sorghum 
belt,  iis  defined  above,  is  about  20  inches,  varying  in  (lifTerent  parts 
from  15  to  25  inches,  of  which  more  than  half  comes  in  the  montlis  of 
April  to  September,  inclusive.  (See  fig.  1.)  The  summer  tempera- 
ture is  fairly  high,  and  this,  with  the  steady  wnnds  which  prevail 
over  much  of  this  area,  makes  evaporation  rapid  and  continuous. 

All  crops  to  be  suitable  for  use  m  this  area  must  have  the  ability 
either  to  withstand  or  to  escape  drought  in  one  w^ay  or  another. 
Drv,  hot  winds  occasionally  occur  in  some  parts  of  the  region,  often 
(piickly  and  completely  destroying  all  tender  vegetation.  At  the 
higher  elevations  and  in  the  northern  part  generally  the  season  is 
comparatively  short.  Late  sprin"^  frosts  occur  and  the  first  frosts  of 
autumn  come  rather  early.     Early  varieties  must  therefore  be  used. 

AGRICULTURAL  DEVELOPMENT. 

The  process  of  dividing  the  great  cattle  ranges  and  selling  them 
for  farms  is  going  on  steadily.  uTierever  Government  land  remains, 
homesteads  are  oeing  taken  up.  In  the  past  few  years  the  settle- 
ment of  this  dry  country  has  been  ver}^  rapid.     liapid  settlement 
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may  be  desirable;  it  is  much  more  important,  however,  that  it  be 
permanent.  This  has  not  always  been  the  case.  More  than  once 
considerable  areas  have  been  largely  abandoned  after  having  been 
quite  well  settled  and  improved.  The  abandoned  farms  reverted 
first  to  weed  crops  and  finally  to  grass  and  sod.  These  conditions 
were  true  in  the  early  eighties  and  again  in  the  early  nineties.  The 
principal  cause  was  a  series  of  unusually  dry  seasons.  Loss  of  crops 
starved  out  .many  settlers  who  had  little  capital  to  carry  them  through 
such  crises. 

It  is  quite  probable  that  such  unfavorable  periods  will  occur  again. 
Plains  settlers  must  prepare  to  endure  them  with  as  little  loss  as 
possible.  In  two  important  ways  the  farmer  is  much  better  equipped 
than  he  was  15  or  20  years  ago.  Better  and  more  drought-resistant 
crops  and  crop  varieties  have  been  found  or  produced,  and  better 
methods  of  tilling  the  land  in  dry  regions  have  been  developed. 

No  one  may  say  with  certainty  just  what  the  agricultural  future  of 
this  southern  Plains  region  is  to  be.  It  gives  promise  of  becoming  a 
second  great  feeding  belt,  similar  to  the  corn  belt.  The  compara- 
tively mild  winters  and  nutritious  grasses  which  made  it  a  famous 
grazing  country  will  help  to  make  it  a  famous  feeding  area.  It  is 
true  that  the  native  range  carries  only  one  head  of  stock  the  year 
round  on  each  25  to  50  acres,  owing  to  the  small  size  and  slow  growth 
of  the  grasses.  However,  the  carrying  capacity  per  acre  may  be 
enormously  increased  by  supplementing  the  native  pasture  with 
crops  supplying  forage  and  feeding  grains. 

Nothing  better  could  be  wished  than  that  this  area  should  grow 
stock  and  the  crops  to  feed  them.  Under  such  a  system  of  farming 
it  would  produce  many  more  live  stock  than  it  ever  did  or  could 
under  the  ranch  and  range  system.  If  it  should  raise  a  money  crop 
in  addition,  so  much  the  better.  This  might  be  cotton  in  the  south- 
ern part,  winter  wheat  in  the  central,  and  spring  wheat  in  the  northern 
part,  with  broom  corn  and  other  minor  crops  m  different  parts.  The 
area  is  admirably  adapted  to  growing  both  the  stock  and  the  neces- 
sary feeding  crops. 

IMPORTANCE  OF  THE  GRAIN-SORGHUM  CROP. 

The  following  pages  give  briefly  the  history  of  the  grain  sorghums 
in  the  United  wStates,  the  general  conditions  to  which  they  are  adapted, 
and  some  statistics  of  their  acreage,  yield,  and  value. 

HISTORY  OF  THE  VARIETIES. 

It  is  only  35  years  since  the  first  grain  sorghums  (fig.  2)  were 
introduced  into  the  United  States.  It  is  only  20  years  since  any  of 
them  have  become  crops  of  recognized  importance.  Although  grain- 
producing  varieties  had  probably  been  introduced  from  time  to 
time  since  the  early  colonial  days,  none  had  remained  in  cultivation. 

The  first  permanent  introductions  were  the  two  durras,  Brown 
durra  and  White  durra,  which  reached  Cahfornia  in  1874  under  the 
names  "Brown  Egyptian  corn"  and  ''White  Egyptian  corn."  On 
account  of  its  earliness  and  drought  resistance,  the  white  variety 
became  popular  in  the  central  Plains  region  during  two  different  series 
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of  dry  yoai*s.  Tho  iirst  ^^as  from  ISSO  to  1SS4,  wIkmi  it  wns  known  as 
"Kiro  "corn.  "  Ajxain,  10  years  lator,  it  ^^as  rather  widely  prown 
under  the  name  'Jerusalem  corn."  lioth  the  white  and  the  hrown 
varieties,  but  especially  the  white,  are  still  sparinj^ly  ^rown  in  the 
dry  Southwest,  from  Kansas  to  California.  That  they  did  not  renuiin 
in  frt'i^i'i'»d  cultivation  is  prol)al)ly  due  to  the  ready  shattering  of  the 
seed  when  ri|)«»  and  to  the  UTitatin*,'  hairs  on  the  glumes. 

Two  varieties  of  kafir,  the  AVhite  and  the  lied,  were  hroufjht  from 
South  Africa  in  1S7().     Thev  did  not  come  into  general  cultivation  in 


1  urain  sorghums:  1.  Hed  kafir;  _',  Shalju;  -i. 
/),  Brown  kowliang;  6,  Milo;  7,  Dwarf  Mi! 


WhiK'  (lurra; 


tile  i'laiii-s  uiilU  about  1S90,  14  years  later,  ilic  iiiackhuli  kalir 
appeared  soon  after,  but  whether  it  was  a  partof  the  original  importa- 
tion, separated  by  selection,  or  was  a  later  introduction  will  probably 
never  be  known.  The  original  White  kafir  is  rarely  found  in  cultiva- 
tion to-day,  but  the  Red  and  the  Blackhull  are  important  crops. 

Milo  was  first  introduced  into  South  Carolina  or  (Georgia  about  the 
year  1885,  but  did  not  come  into  general  notice  until  about  1890, 
when  it  had  become  a  staple  crop  in  parts  of  west  Texas. 

The  kowliangs  have  been  commg  from  China  and  Manchuria  since 
1901.     Most  of  them  have  required  considerable  selection  to  make 
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them  suitable  for  use  as  grain  crops.  None  of  them  has  been  long 
enough  in  the  hands  of  farmers  to  be  considered  a  farm  crop. 

In  the  brief  space  of  the  last  20  years,  however,  the  milos  and 
kafirs  have  greatly  increased  in  importance.  They  are  now  grown  as 
staple  farm  crops  on  a  large  scale  in  a  considerable  area  of  the  West. 

ADAPTATIONS  TO  THE  GRAIN-SORGHUM  BELT. 

It  is  in  the  region  described  that  the  grain  sorghums  prove  them- 
selves most  completely  at  home.  They  are  not  only  staple  crops 
here,  but  are  in  many  cases  the  chief  dependence  of  the  new  settler. 
This  is  because  they  may  be  grown  as  sod  crops.  By  homesteaders 
with-  small  means  and  limited  equipment  they  can  be  cheaply 
planted  on  breaking.  They  are  often  planted,  cultivated,  harvested, 
and  even  tlirashed  by  hand  under  such  circumstances. 

When  these  crops  were  first  introduced  they  were  tried  in  various 
parts  of  the  United  States.  One  after  another  they  were  found  un- 
suited  to  the  conditions  in  most  of  the  country  and  were  discarded; 
but  out  on  the  Plains  they  grew  in  favor  with  the  farmer  because  they 
were  able  to  withstand  the  prevailing  conditions.  They  are  able  to 
grow  and  make  profitable  yields  in  hotter,  drier  climates  than  most 
crops.  Some  of  them  are  early  enough  for  use  at  comparatively  high 
elevations.  They  are  all  cultivated  crops,  entering  readily  into  the 
rotation  with  spring-sown  small  grains.  They  furnish  the  feeding 
grain  required  on  the  farm;  also  some  roughage,  and  occasionally  both 
fuel  and  food  in  addition.  The  surplus  can  always  be  sold  at  fair  to 
good  prices.  When  grown  on  a  large  scale  they  are  handled  rapidly 
and  profitably  by  machinery  in  every  necessary  operation  from  seed- 
ing to  milling.  They  are  undoubtedly  suited  to  become  the  basis  of 
a  cattle-feeding  industry  that  will  make  the  Plains  farmer  prosperous. 

USES  OF  THE  GRAIN. 

STOCK  FEED. 

Primarily  these  grains  are  and  ought  to  be  used  in  feeding  stock 
on  the  farms  where  they  are  grown.  This  fact  is  due  to  their  history 
as  well  as  to  their  adaptations  for  such  use.  They  were  the  principal 
crops  of  the  early  settler  in  the  dry-land  areas  of  the  southern  Plains 
region.  He  not  only  needed  a  feeding  grain,  but  was  often  too  far 
from  market  to  sell  profitably  if  he  had  wished. 

The  value  of  the  grain  for  keeping  work  stock,  growing  animals, 
and  dairy  cows  in  excellent  condition  has  long  been  recognized  among 
the  growers.  The  knowledge  of  its  value  in  fattening  cattle  and  hogs 
for  market  is  increasing.  A  number  of  experiments  to  determine  the 
feeding  value  have  been  conducted  at  the  agricultural  experiment 
stations  of  Kansas,^  Oklahoma,^  and  Texas. ^     In  many  of  these  trials 

1  Experiments  with  Kafir  Corn;  Biilletin  56.  Kansas  Agricultural  Experiment  Station,  1895,  pp.  165-167. 

2. Digestion  Experiments  and  Fodder  Analyses;  Bulletin  37,  Oklahoma  Agricultural  Experiment  Sta- 
tion, 1899,  pp.  1-20.  Summary  of  Digestion  Experiments  with  Kafir;  Bulletin  35.  Oklahoma  Agricultural 
Experiment  Station,  1898,  pp.  1-4.  Digestion  Trials;  Bulletin  46,  Oklahoma  Agricultural  Experiment 
Station,  1900.  pp  1-8. 

3 Information  Regarding  the  New  Feed  Law;   Bulletin  95,  Texas  Agricultural  Experiment  Station, 

1907,  pp.  1-24.  Kafir  Corn  and  Milo  Maize  for  Fattening  Cattle;  Bulletin  97,  Texas  Agricultural  Experi- 
ment Station,  1907,  pp.  1-20.  Digestion  Experiments;  Bulletin  104.  Texas  Agricultural  Experiment  Sta- 
tion, 1908;  pp.  1-33.    steer-Feeding  Experiments;   Bulletin  110,  Texas  Agricultural  Experiment  Station, 

1908,  pp.  1-23.  Panhandle  Feeds  for  Beef  Production;  an  unnumbered  and  undated  circular  of  2  pages 
olthe  Texas  Agricultural  Experiment  Station. 
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tho  Blackhull-kafir  iinxin,  wliich  was  most  pMicrally  uso<l,  wiis  shown 
to  have  a  fivilinjj  valuo  but  little  below  tliat  of  corn.  Chemical 
analyses  of  the  <:rain  sliow  it  to  contain  slij^htlv  more  protein  and 
starch  and  a  little  less  fat  and  fd)er  than  corn.  The  somewhat  lower 
fectlinj;  value  seems  to  be  due  to  lower  digestibility  rather  than  to 
anv  particular  (liirerence  in  composition.  . 

The  jrrain  should  be  carefully  groun<l  before  feedinj;  in  order  to 
jret  the  best  results.  In  the  form  of  milo  chops  aiici  kafir  <-hop.-<  it  is 
becomin«r  a  pojudar  commercial  article.  Choi)s  are  mu'I.»  by  ^rinlin-^ 
or  cruslnn<:  the  thrashed  jrrain  more  or  less  finely,  lload  <'ho|)s  kW 
made  by  clioppinjx  or  <]:rindin<x  coarsely  the  unthra.shed  heads,  •ind  are 
therefore  similar  to  corn-and-cob  meal.  Head  chops  are  not  nlcctiiij; 
with  as  much  favor  as  chops  because  they  contain  considcmb't*  «'• 
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Fig.  3.— Seeds  of  grain  sorghums:  i4 ,  Milo;  B,  White  durra:  C,  Blackhull  kaOr  D  Jtwl  kafin  ^»  Brovrn 
kowliang;  F.  Shallu.    (Natural  size  ) 

called  "dirt,"  which  is  composed  of  theglume  hairs,  awns,  and  fragments 
of  the  glumes  and  branches  of  the  heads.  For  this  reason  many  grain 
elevators  in  the  Plains  region  have  been  equipped  with  machiner}' for 
thrashing  and  grinding  those  grains.  They  are  thus  enabled  to  buy 
these  crops  in  the  head  and  to  thrash  and  <:riiul  them  at  their  leisure 
in  order  to  prepare  them  for  the  market. 

POULTRY  FEED. 

The  grain-sor^hum  seeds  (fig.  3)  are  splendidly  adapted,  both  in 
size  and  composition,  for  feeding  to  all  classes  of  poultr}\  In  manv 
parts  of  the  country,  far  outside  of  the  grain-sorghum  belt,  small 
patches  of  kafir,  durra,  or  other  ''chicken  corn  "  are  commonly  grown 
on  the  farm,  simply  to  furnish  chicken  feed.     There  were  in  1908  more 
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than  100  firms  engaged  in  the  manufacture  of  over  200  brands  of 
poultry  food.  Figures  furnished  by  33  of  these  firms  show  an  annual 
output  at  that  time  of  about  30,000  tons  of  these  products.  Approxi- 
mately 10,000  tons,  or  one-third  of  this  total,  consisted  of  the  seed 
of  BlackhuU  katir.  This  was  mostly  used  in  mixture  with  other 
grains,  such  as  corn,  wh^at,  screenings,  etc.  It  is  probably  a  con- 
servative, estimate  that,  kafir  or  other  grain-sorghum  seed  forms  fidly 
25  per-  cenii  of  tlie  prepared  poultry  food  sold  in  this  country.  So 
strohg  is  the  de'oiahd  for  these  grains  by  the  manufacturers  of  poultry 
f(x>d  that  similar  varieties  have  been  imported  from  as  far  away  as 
liidia  when  the  crop  in  this  country  was  short.  Considerable  quan- 
tities were  so  imported  in  the  winter  of  1909-10,  following  the  short 
crop'of  1909. 

HUMAN  FOOD. 

Meal  made  from  the  grain  sorghums,  ground  locally,  is  not  infre- 
quently used  in  the  making  of  batter  cakes  and  similar  articles  on  the 
farm.  The  general  testimony  is  that  these  are  delicious  in  quality. 
Some  experiments  are  now  being  conducted  in  a  small  way  to  deter- 
mine the  value  of  the  meal  for  more  extended  use.  There  seems 
little  reason  why,  when  properly  milled,  it  should  not  be  used  in  much 
the  same  manner  as  corn  meal.  Throughout  Africa,  India,  and  the 
other  parts  of  southern  and  eastern  Asia,  where  these  crops  are  largely 
grown,  they  are  not  only  commonly  used  as  human  food,  but  in  many 
countries  they  furnish  the  chief  article  of  diet. 

STATISTICS  OF  ACREAGE,  YIELD,  AND  VALUE. 

Complete  statistics  of  the  production  of  these  crops  are  not  avail- 
able. The  national  .census,  taken  every  1 0  years,  has  not  yet  sepa- 
rated them  in  its  schedules  from  other  related  crops.  Of  the  five  or 
six  States  which  grow  them  largely  only  two  gather  State  statistics 
of  farm  crops.  These  two  are  Kansas  and  Oklahoma.  The  figures 
have  been  gathered  in  Kansas  since  1893,  but  in  Oklahoma  only  since 
1904  for  kafirs  and  since  1905  for  milo.  The  facts  given  below  have 
been  compiled  and  adapted  from  the  figures  published  by  the  boards 
of  agriculture  of  these  twr)  States. 

TOTAL  GRAIN-SORGHUM  CROP  IN  KANSAS  AND  OKLAHOMA. 

In  Kansas  the  acreage  of  kafirs  and  milo  has  increased  from  about 
half  a  million  acres  in  1904  to  nearly  three-fourths  of  a  million  acres 
in  1909.  In  that  State  the  yield  is  estimated  in  tons  of  fodder,  and 
the  average  for  the  last  six  years  has  been  3  tons  per  acre.  The 
average  value  of  these  crops  per  acre  for  the  same  period  has  been 
$10.28.  Although  the  average  yield  per  acre  does  not  seem  to  be 
increasing,  the  average  acre  value  is  rising;  for  the  first  three  years 
of  this  period  it  was  $9.60,  for  thef  last  three  years  it  was  $10.95. 

The  records  for  the  present  State  of  Oklahoma  are  not  complete. 
From  1904  to  1906,  inclusive,  the  figures  are  for  only  the  old  Terri- 
tory of  Oklahoma;  for  1907  to  1909  they  are  for  the  entire  new  State, 
including  the  former  Indian  Territory.  The  area  devoted  to  these 
crops  has  increased  from  500,000  acres  in  1907  to  nearly  700,000 
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acres  in  1909.  The  yieW  of  jjrain  diirinp  the  six  years  from  1904  to 
1909,  inchisivo,  av(»ra«:(Ml  ll.()  biishrls  to  tlio  acre.  Tiie  averaj^e 
acre  vahio  of  thoso  crops  during'  that  period  was  So.OS.  Xo  accotint 
was  taken  of  the  value  of  the  stalks  until  the  year  1908.  In  that 
year  the  value  of  the  kaiir  stalks  was  found  to  be  nearly  one-half  a,s 
much  as  the  value  of  the  grain,  or  nearly  one-third  the  cond>ine<l 
value  of  t^rain  and  .stover.  In  the  case  of  the  niilo  crop,  the  stalk 
value  was  exactly  one-fourth  the  jjrain  value  or  one-iifth  of  the  com- 
bined value.  It  is  not  clear  from  the  State  reports  whether  the 
fodih'r  and  *:rain  represent  the  product  of  the  same  field  or  whether 
the  1i«:ures  for  fodder  are  based  on  iields  not  haivested  for  the  grain. 
It  has  been  assumed  that  tiie  formei-  was  intended. 

KAFIR,  MILO.  AND  CORN  CROPS  IN  KANSAS  AND  OKLAHOMA. 

In  1904  there  were  only  7, ()()()  acres  of  milo  in  Kansas.  By  1909 
this  had  increased  to  more  than  100,000  acres.  Duiing  this  six -year 
period  the  average  yield  was  2i  tons  per  acre,  the  aveni''"  ^  "Imo  per 
ton  S.'i.S",  and  the  average  acre  value  $9.52. 

In  the  same  period  the  acreage  devoted  to  kaiirs  h.-ui  iii<  icjjscmI 
from  500,000  to  630,000  acres,  with  an  average  yield  of  .S  tons  per 
acre  and  an  average  price  of  S3. 48  per  ton.  The  average  acre  value 
was  .SI 0.33. 

During  the  same  period  the  corn  acreage  had  increased  from 
r),.500.000  acres  to  7,750,000  acres,  giving  an  average  yield  (►f  23.1 
bushels;  the  average  selling  price  was  44  cents  per  bushel,  and  the 
average  acre  value  $9.83. 

Owing  to  the  reasons  already  stated  the  figures  for  Oklahoma  can 
not  readily  be  compared.  Ilowever,  in  1909  there  were  203,000 
acres  of  milo  with  an  average  yield  during  the  five-vear  ])eriod  of 
13.8  biishels,  an  average  selling  price  of  44  cents  per  bushel,  and  an 
average  acre  value  of  .S().31. 

The  year  1909  showed  482,000  acres  of  kafir,  with  a  six-year  average 
3'ield  of  11  bushels,  an  average  value  of  45  cents  ])er  bushel,  ami  an 
average  acre  value  of  S5^6. 

There  were  5,135,000  acres  of  corn  grown  in  1909.  The  avera^^e 
yield  for  the  six  yeai-s  from  1904  to  1909  was  19.45  bushels,  the 
average  price  43.5  cents  per  bushel,  and  the  average  acre  value  ."?S.29. 

The  ])roportion  of  gram  sorghums  to  corn  grown  in  these  States  is 
steadily  increasing  with  the  settlement  of  the  drier  western  porti(>ns. 
The  average  acreage  of  grain  sorghums  for  the  j)eriod  from  1904  to 
1909  in  Kansas  was  equal  to  S.7  per  cent  of  the  average  corn  acreage. 
For  the  year  1909  alone  it  had  mcreased  to  9.6  per  cent  in  spite  of 
an  enormous  increase  in  the  cora  acreage.  In  Oklahoma  the  same 
figures  are  not  comparable  because  of  tlie  change  from  a  small  terri- 
tory to  a  larger  State.  Ilowever,  the  average  grain-sorghum  acreage 
in  the  old  Territory  from  1904  to  1906  was  equal  to*25.6  per  cent  of 
the  corn  area.  In  1907,  in  the  new  State,  including  both  Oklahoma 
and  Indian  Territories,  it  was  12.5  per  cent;  in  1908,  12.7  per  cent; 
and  in  1909,  13.4  per  cent.  The  suaden  decrease  at  the  begmning  of 
the  second  period  is  due  to  the  fact  that  the  area  comprising  the 
former  Tndijin  Territoiy  grows  ninr-h  co?!)  mikI  llfllc  •Tain  soi'/linin. 
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As  already  pointed  out,  the  grain  sorghums  are  all  grown  most 
extensively  in  the  drier  areas  west  of  the  ninety-eighth  meridian. 
In  Kansas,  during  the  period  from  1907  to  1909,  inclusive,  about 
94  per  cent  of  the  milo,  about  45  per  cent  of  the  kafir,  and  about  25 
per  cent  of  the  corn  were  found  west  of  this  line,  which  divides  the 
State  almost  exactlv  in  half.  In  Oklahoma  about  one-third  of  the 
State  lies  west  of  this  line  and  contains  97  per  cent  of  the  milo  and 
79  per  cent  of  the  kaiir,  based  on  averages  of  five  and  six  years, 
respectively. 

The  46  counties  in  the  western  half  of  Kansas  grew,  in  round 
numbers,  240,000  acres  of  grain  sorghums  in  1907,  334,000  acres  in 

1908,  and  396,000  acres  in  1909.  This  was  an  increase  of  39  per  cent 
in  the  grain-sorghum  acreage  for  1908  and  of  18.6  per  cent  for  1909. 
The  same  counties  grew  1,500,000  acres  of  corn  in  1907,  1,750,000 
acres  in  1908,  and  2,000,000  acres  in  1909,  increases  of  17  and  14 
per  cent,  respectively.  The  ratio  of  the  acreage  of  grain  sorghums 
to  that  of  corn  was  1  to  6.2  in  1907,  1  to  5.3  in  1908,  and  1  to  5.1  in 

1909.  The  grain-sorghum  acreage  was  therefore  equal  to  16.1  per 
cent,  18.9  per  cent,  and  19.5  per  cent  of  the  corn  acreage  of  these 
three  years,  respectively.  Ten  of  these  counties  grow  larger  areas 
of  grain  sorghum  than  of  corn. 

In  the  21  counties  now  comprising  the  western  third  of  Oklahoma 
there  were  grown  327,000  acres  of  grain  sorghum  in  1906,  423,000 
acres  in  1907,  465,000  acres  in  1908,  and  580,000  acres  in  1909, 
increases  of  29,  10,  and  25  per  cent , respectively.  The  ratio  of  grain- 
sorghum  acreage  to  that  of  corn  was  1  to  2.1  in  1906,  1  to  2.7  in  1907, 
1  to  3.1  in  1908,  and  1  to  3.07  in  1909.  These  ratios  represent  grain- 
sorghum  acreages  equal  to  47.6  per  cent,  37  per  cent,  32.2  per  cent, 
and  32.6  per  cent  of  the  corn  acreages  for  the  same  year-,  Three  or 
four  of  these  counties  grow  more  grain  sorghums  than  corn. 

SUMMARY  OF  THE  VALUES  OF  GRAIN  SORGHUMS  AND  CORN. 

In  Table  I  is  ^iven  the  minimum,  maximum,  and  average  value 

?er  acre  of  the  grain-sorghum  and  corn  crops  in  Kansas  and  Oklahoma, 
t  will  be  noted  that  for  Kansas  the  minimum  acre  value  of  the  com- 
bined grain  sorghums  is  not  as  low  as  the  minimum  for  corn;  that  the 
maximum  is  nearly  as  high,  and  that  the  average  acre  value  is  higher 
by  45  cents  an  acre.     In  Oklahoma  the  facts  are  exactly  reversed. 

Two  facts  must  be  kept  in  mind  while  comparing  these  figures. 
One  is  that  for  Kansas  the  yields  and  values  of  grain  sorghums  are 
based  on  tons  per  acre  and  thus  include  the  value  of  both  grain  and 
stover.  The  yields  and  values  of  corn,  on  the  contrary,  are  based 
on  bushels  of  grain  per  acre.  If  the  value  of  the  corn  stover  were 
also  included,  the  average  acre  value  for  corn  would  probably  some- 
what exceed  that  of  the  grain  sorghums.  The  difference,  however, 
would  probably  not  be  as  large  as  in  the  case  of  the  Oklahoma  figures. 
The  other  fact  is  that  the  grain  sorghums  are  most  largely  grown  in 
the  western  parts  of  these  States.  Here  the  shorter  seasons  and 
lower  rainfall  tend  to  decrease  the  yields  of  all  crops.  This  puts  the 
sorghums  at  a  disadvantage  in  a  comparison  with  corn,  which  is 
most  extensively  grown  in  the  lower  and  more  humid  portions. 
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Tablk  l.—xSummary  of  value  of  grain  gorghumn  and  com  in  Kanmu  and  Oklahoma. 


Number 
of  years 
averaKe<l. 

Yield 
per  acre. 

Price. 

Acre  value. 

8Ut«  and  crop. 

Minimum. 

Maxlmdn. 

Average 

for 
period. 

Yeur. 

Value. 

Year. 

Valiifc 

6 
6 

0 

r. 

5 
6 
6 

Tuns. 

2.99 

2. 53 

2.95 

Btuhelt. 

3.3.1 

11.0 
13.8 
11. 6 
19.4 

Per  ton. 

f3. 4S 

3.87 

3.48 

Perbu. 

.44 

.45 
.44 
.45 
.43 

190G 
1906 
190« 

1904 

1904 
1909 
1904 
1904 

t9.18 
8.31 
9.10 

7.81 

.3.92 
2.5.5 
3.92 
6.24 

1909 
1907 
1907 

1908 

1907 
1907 
1907 
19tt) 

til. 21 
10.  (it 
11.10 

11.71 

7.77 
8.fi4 
H.OO 
11.21 

tie.  33 

9.53 

1  otul  grain  aorghuins.. . 

10.28 
9.83 

«>k!:>' 

n;. 

I  oxM  >;r.uii  M)rnliiiiiis... 
Corn 

5.56 
6.31 
5.68 
8.2B 

IMPROVING  THE  GRAIN  SORGHUMS. 

In  ojonoral  thoro  are  two  ways  by  which  the  prain-sorj]jhiim  crops 
can  bo  made  of  fifroater  vahie  to  the  ^owor.  The  first  is  by  improving 
the  varieties;  the  second,  by  findin":  more  rapid  and  economical 
methods  of  harvesting.  Improved  varieties  canoe  obtained  tlirough 
seh^ction  of  present  sorts  and  by  betterinf^  the  methods  of  j^rowing 
them.  More  rapid  and  economical  harvesting  will  come  about  either 
through  adapting  the  crons  (fig.  4)  to  present  machinery  or  through 
the  invention  of  new  macnines,  or  both. 

There  are  five  principal  ways  in  which  improvement  may  be  made: 
(1)  Increased  drought  resistance,  (2)  increased  earliness,  (3)  dwarfer 
stature,  (4)  greater  productiveness,  and  (5)  increased  machine 
harvesting. 

DROUGHT  RESISTANCE. 

The  grain  sorghums  are  most  useful  in  regions  wliere  moisture  is 
often  the  controlling  factor  in  crop  j)roduction.  Much  good  should 
therefore  be  accomplished  by  increasing  flioir  drought  resistance, 
especially  in  the  areas  of  lighter  rainfall. 

No  one  knows  exactly  what  drought  resistance  is.  It  is  probable 
that  what  we  call  drought  resistance  is  the  effect  of  several. different 
factors.  The  most  important  of  the.se  factors  are  probably  (1)  in- 
cretised  ability  to  prevent  the  loss  of  water  by  transpiration,  (2)^ 
increased  development  of  the  root  system,  and  (3)  a  possible  increase 
in  j)ower  to  extract  water  from  a  dr}'  soil. 

Differences  in  the  power  to  control  transpiration  are  well-known 
and  readily  observed  facts.  By  transpiration  is  meant  the  passing 
of  water  from  the  tissues  of  the  plant  into  the  air.  In  the  processes 
of  their  growth  all  plants  are  constantly  absorbing  water  from  the 
soil  through  their  rootlets  and  allowing  certain  quantities  of  this 
moisture  to  pass  out  into  the  air  through  minute  pores,  called 
stomata.  This  is  done  in  much  the  same  manner  as  w^ater  escapes 
throuo:h  the  animal  skin  in  the  form  of  perspiration.  In  times  of 
drougnt  it  is  important  that  the  plant  lose  as  little  as  possible  of  its 
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water  supply  in  this  way.  The  plant  best  fitted  to  prevent  transpi- 
ration is  thus  the  most  drought  resistant.  In  cacti,  for  instance,  this 
ability  is  highly  perfected.  Corn  is  much  less  drought  resistant  than 
the  members  of  the  various  groups  of  sorghums.  Corn  is  in  danger 
when  the  leaves  begin  to  curl,  but  sorghums  often  remain  in  this  con- 
dition for  a  long  time  without  permanent  injury. 

The  size  and  character  of  the  root  system  is  probably  a  strong 
factor  in  drought  resistance.  The  larger  the  root  system  in  propor- 
tion to  the  plant,  the  better  it  can  supply  moisture.  The  wider  and 
deeper  its  penetration,  the  larger  the  area  of  soil  from  which  it  draws 
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Fig.  4.— Plat  of  inilo,  selected  for  erect  heads  and  low  stature. 

moisture  in  time  of  drought.  A  deeply  rooting  plant  may  be  able  to 
secure  water  when  shallow  root  systems  lie  wholly  in  dry  soil.  This 
is  entireh^  apart  from  possible  differences  in  ability  to  extract  mois- 
ture from  a  given  unit  of  soil.  Such  differences  may  exist,  but  the 
idea  is  only  a  theory  as  yet.  Unfortunately,  the  character  of  the 
root  system  can  not  be  observed  while  making  selections. 

Selections  for  drought  resistance  will  naturally  be  made  on  condi- 
tions that  can  be  seen  with  the  eye.  These  are  likely  to  be  the  results 
of  a  combination  of  means  for  actually  resisting  drought  and  for 
evading  drought.  Dwarfness,  earliness,  and  thin  stands  are  means 
or  conditions  for  drought  evasion.     By  making  allowance  for  them, 
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when  present,  one  can  select  for  actual  drought  resistance.  This 
will  1)0  (lone  bv  iisin»j  those  plants  which  j^ive  best  results  under 
ilrouj^ht  conditions  wlien  they  are  neither  dwarf er  nor  earlier  noi 
more  thinly  planted  than  their  neighbors. 

EARLINESS. 

There  are  two  principal  reasons  for  de^irinp  early  varieties.  The 
first  is  to  extend  tne  range  of  grain  sorghunis  uito  dry  regions  having 
a  short  growin*;  season.  The  second  is  to  secure  the  fullest  possible 
benefit  from  tlie  sejusonal  rainfall,  which  comes  largely  during  the 
early  summer  months  in  parts  of  the  grain-sorglium  beh.  The  scconrl 
reason  is  tiuis  connected  with  the  problem  of  drought  resistance 
though,  as  pointed  out,  earliness  is  a  means  of  drought  evtision,  noi 
of  resistance.  lm])rovement  in  earliness  will  need  to  be  contimied 
for  a  long  time  if  varieties  are  to  be  perfected  for  \]\o  ]\ihu\^  of  all  the 
dr}'-farming  regions. 

EARLY  VARIETIES. 

The  milos  are  much  earlier  varieties  than  tlie  kafirs  and  are  very 
promising  material  on  which  to  w^ork.  In  the  Panhandle  of  Texas, 
at  elevations  of  3.000  to  4,000  feet,  they  now  mature  in  90  to  100  <lays 
when  sown  May  15  to  20.  At  present  they  are  grown  successfully 
ui)  to  an  altitude  of  between  4,000  and  5,000  feet  in  Texas,  New 
Mexico,  and  Colorado.  At  liigher  elevations  the  growing  season  is 
shortened  to  such  an  extent  that  the  present  varieties  of  milo  do  not 
mature.  At  lower  elevations  their  present  range  extends  northward 
into  southwestern  Nebraska.  In  northern  Nebraska,  the  Dakotas. 
Montana,  and  Idalio  the  increasing  latitude  and  shorter  growing  sea- 
son prevent  their  successful  maturing.  It  seems  certain,  also,  thai 
the  soil,  especially  at  niglit,  is  too  cool  to  permit  vigorous  growlii. 
thus  retarding  the  maturing  of  the  plant  even  where  the  season  is 
otherwise  long  enough. 

The  durra  group  contains  some  very  early  varieties.  The  uniy 
one  well  known  in  this  country  is  the  common  White  durra  <^fig.  5), 
which  has  been  called  ''White  Egyptian  corn,"  "Uice  corn,''  and 
''Jerusalem  corn"  in  the  successive  periods  of  its  popularity,  h 
matures  as  early  as  or  slightly  earlier  than  the  milos.  White*<lurra 
apparently  possesses  true  drought  resistance  also  and  is  a  goo<i 
yielder,  but  shaUers  quite  badly  and  is  not  hked  for  that  reason  and 
some  others.  Some  hybrids  of  tliis  variety  with  BlackJiulI  kahr 
have  been  under  selection  for  three  years  and  give  promise  of  beim: 
valuable. 

The  kafirs  usually  require  about  three  weeks  longer  than  milo  t< 
mature  under  the  same  conditions.  ^Vn  early  strain  of  Bla<-klnill 
kafir  developed  by  the  writer,  through  selection,  matures  about  tw< 
weeks  earlier  than  the  ordinary  kahrs  and  only  three  to  five  dav> 
later  than  milo.  The  old-fashioned  White  kafir  with  white  hulls, 
now  rarely  found  in  cultivation,  was  a  semi-early  sort  and  would  make 
good  selection  stock  if  its  lieads  were  free  from  tiie  boot  and  if  it 
was  not  so  readily  attacked  by  diseases.  Red  kafir,  which  is  normally 
a  week  or. more  earlier  than*  the  BlacklM'H  '^  fl.o  ].^^v■  ,»],.;.,<    .....m's 
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to  become  proportionally  later  as  it  is  carried  westward  to  higher 
elevations.  At  the  Amarillo  Experiment  Farm  it  has  been  consist- 
ently later  than  the  Blackliull  variety  during  a  period  of  several 
years. 

The  group  of  kowliangs  from  northern  China  and  Manchuria  con- 
tains some  varieties  (hg.  6)  which  are  naturally  very  early,  especially 
among  the  brown-seeded  sorts.  Three  of  these  (Grain  Investiga- 
tions Xos.  171,  261,  and  328)  have  matured  in  80  to  90  days,  thus 
proving  earlier  than  the  milos  in  the  Panhandle  of  Texas.  Some 
promising  selections  from  them  have  been  made  in  northern  Colorado, 
m  Nebraska,  and  in  South  Dakota.     Coming,  as  they  do,  from  lati- 


i  iu. ;,. 


]jer  cent  of  the  heads  erect. 


tude  40°  or  higher,  they  may  prove  able  to  germinate  and  grow  at 
lower  temperatures  than  the  groups  which  have  come  from  more 
southern  latitudes. 


EARLY  CROPS  AND  EARLY  SEASONAL  RAINFALL. 

The  effect  of  earliness  in  permitting  drought  evasion  is  very  impor- 
tant. Consider  two  plants,  one  earlier  than  the  other,  but  otherwise 
similar  in  all  respects.  The  earlier  plant,  having  a  shorter  growing 
period,  not  only  uses  less  water,  but  uses  it  earlier  in  the  season. 
This  is  of  especial  importance  in  those  parts  of  the  semiarid  country 
where  much  of  the  seasonal  rainfall  occurs  in  April,  May,  and  June. 
The  earlier  plant  might  be  able  to  mature  its  crop  of  seed  on  the 
summer  rainfall.  On  the  other  hand,  the  later  plant  might  be  crip- 
pled at  a  critical  stage  by  the  exhaustion  of  the  soil  moisture  dur- 
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iiig  dry  weatluT  in  Aiijrust.  It  is  fairly  rortain  that  in  much  of 
lie  Plains  ropoii  tlu»  greater  part  of  the  soil  moLslure  in  n  field  Is  not 
ised  hy  the  growing  plants,  but  is  lost  by  evaporation  under  the 

average  tillage  conditions. 

Milos  are  earher  than  kafirs,  but  are  not  known  to  be  more  truly 

drought  resistant.     At    Aniarillo,   Tex.,   under  conditions   of  severe 

drouglit  from  the  middle  of  July  until  October,  IIMM),  the  milos 
ieliU'd  on  the  average  S.iJ  bushels  and  the  kaiirs  only  5.5  i)ushels  to 
lie  acre.  In  each  croj)  the  figures  are  the  average  of  between  20  and 
0  |)lats  anel  show  that  the  difference  was  really  in  the  earliness  (and 
•crnaps  dwarfness,  also)  of  the  milos  as  compj!?''!  witl.  il.<>  I  ..f;r.    ti.,. 

;  ields  in  nonnal  years  beijig  about  eijual. 


Fio.  a-  -PlatoTselertM  Bro-w-n  kowllang  (fJ.  I.  No.  17r>. 

The  season  of  1910  was  still  drier,  onlv  10  inches  of  rain  falhng  at 

Amardlo  from  Januarv  to  October,  inclusive.     Better  yields  were 

obtained  than  in   1909,  however,  because  the  average  stands  were 

much  thinner.     Under  these  conditions  32  plats  of  milo  and  Dwarf 

nido  yielded  an  average  of  17.9  bushels  per  acre,  while  22  plats  of 

nlmary  BlackhuU  and   Red  kafirs  vielded  onlv  37  bushels.     The 

ilFerence  in  average  yield  is  14.2  Imshels.     Even  if  we  admit  that 

alf  of  this  difference  is  due  to  the  dwarfer  growth  of  the  milos  com- 

1  ared  with  the  standard  kafirs,  we  still  have  a  gain  of  7.1  bushels  due 

tc  earliness  alone. 
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The  relative  values  of  earliness  and  dwarfness  are  further  indicated 
in  results  obtained  from  three  strains  of  Blackhull  kaiir.  The  writer 
has  produced  by  selection  an  early  strain  of  the  Blackhull  kafir  which 
is  nearly  two  weeks  earlier  than  the  ordinary  strains,  although  of  the 
same  height.  In  1908,  a  favorable  season,  it  jdelded  about  10  per 
cent  less  than  the  average  of  the  ordinary  Blackhull  varieties.  In 
1909,  however,  it  yielded  10.7  bushels  to  the  acre,  while  20  ordinary 
strains  averaged  only  5  bushels  and  the  best  of  them  yielded  only 
10.9  bushels.  In  1910,  under  the  conditions  described  it  produced 
7.57  bushels  compared  with  2.95  bushels  from  15  standard  plats. 


Fig.  7.— Plat  of  dwarf  and  early  Blackhull  kafir  (G.  I.  No.  340). 

Another  early  strain,  which  is  also  dwarf,  growing  to  a  height  of 
about  4  feet  (fig.  7),  yielded  in  1908  about  4.5  bushels  less  than  the 
average  of  the  ordinary  taller  and  later  strains.  In  1909  it  yielded 
14.4  bushels  compared  with  10.7  bushels  from  the  tall  but  early 
strain  and  an  average  of  only  5  bushels  from  the  ordinary  taller  and 
later  strains.  In  1910  it  yielded  9.28  bushels,  while,  as  noted  above, 
the  tall  early  strain  produced  7.57  bushels  and  the  ordinary  straii^ 
only  2.95  bushels  per  acre.  These  figures  indicate  that  in  1909  aboit 
40  per  cent  and  in  1910  about  27  per  cent  of  its  increased  yields  wre 
due  to  its  dwarfness  and  60  per  cent  and  73  per  cent,  respectively  to 
its  extra  earhness. 
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SELECTING  FOR  EARLINE8S. 

Earliiioss  can  l)o  dovolopod  only  by  coiUiruiod  sohM'tion.  Such 
seU'ctions  can  be  made  eitlicr  at  beading  time  or  at  tbe  time  of  rij)en- 
in^,  but  are  preferably  the  resultx*^  of  records  made  at  both  periods. 
When  the  iield  or  seed  j)lat  of  the  variety  bej^ins  to  head,  a  number 
of  the  earhest  heads,  which  are  otherwise  suitabU»  for  selection,  should 
be  marUetl  by  means  of  tajiks  on  whicii  is  recorded  the  date  of  heading. 
When  the  heads  on  these  selected  stalks  be^jin  to  show  the  cbaracter- 
istic  colors  and  texture  of  the  hard-dou«!;h  or  ripeninj^  staj^e,  the  date 
of  ripenin*^  should  be  added  to  the  taj^s.  Other  thinj^s  bein^  ecpial, 
thos(»  heads  for  which  the  shortest  tinu*  has  cla|)S(Ml  between  beading 
and  ripening  are  to  be  considered  the  earliest.  Tiiese  should  be  care- 
fully saved  separately  and  used  for  continuing  the  work  nilothcr 
seiison. 

In  dry  regions  where  the  amount  of  moisture  in  the  soil  commonly 
controls  the  growth  o^ie  crop,  the  plants  at  the  ends  and  side.s  of  a 
field  are  often  the  iirsr  to  produce  heads,  especially  in  dry  seiusons. 
This  is  because  the  outside  plants  have  a  larger  area  from  wbich  to 
draw  moisture,  or  because  run-olT  water  often  collects  at  tbe  iHU^os  of 
fields  and  provides  extra  moisture.  These  early  heads  will  be  the 
first  to  ripen,  but  it  does  not  follow  (]»a(  these  plmifs  n!*-  M.ifnr.illv 
earlier  than  the  rest  of  the  iield. 

DWARF    STATURE. 

For  the  grain-sorghum  grower  a  dwarf  variety  has  two  advantages 
over  the  taller  strains.  It  recpiires  less  water  and  can  be  harvested 
with  a  grain  header. 

The  larger  the  plant  the  more  water  it  recpiires  and  the  more  it  is 
likelv  to  lose  by  transpiration.  A  small  j)lant  which  can  produce  as 
much  grain  as  a  large  plant  will  thus  have  a  real  advantage;  in  a  dry 
season.  This  is  not  true  drought  resistance,  but  merely  a  lower  water 
requirement  which  permits  drought  evasion. 

As  previously  noted,  the  year  1901)  was  marked  by  severe  drought 
during  July,  August,  and  September  in  the  southern  half  of  the 
Great  Plains.  At  the  Amarillo  Experiment  Farm,  in  Texas,  17  i)lats 
of  milo  gave  an  average  yield  of  G8  bushels  and  10  plats  of  tlwarf 
milo  an  average  yield  of  1  i  bu.shels  to  the  acre.  The  best  plat  of  milo 
yielded  at  the  rate  of  only  1G.5  bushels,  thou^jh  in  a  low  piece  of 
ground,  while  the  best  dwarf  milo  yieldetl  23.2  bushels  per  acre.  In 
1910  there  was  not  as  much  dilference.  Fight  j)lats  of  milo  yielded 
an  average  of  10.2  bu.shels  per  acre,  and  7  plats  of  dwarf  milo  yielde<I 
an  average  of  19.6  bushels.  The  advantage  in  favor  of  the  dwarf 
variety  seemed  to  be  largely  due  to  the  smaller  size  of  the  plants  and 
the  consequent  lower  water  requirement. 

The  case  of  the  dwarf  and  also  early  strain  of  the  Blackliull  kafir 
(fig.  7)  has  already  been  noted  under  the  discussion  of  earlincss. 
How  much  of  its  increased  yield  was  due  to  dwarfness  and  how  much 
to  earlier  maturity  can  not  be  certainly  known.  Apparently  al>out 
one-third  was  due  to  its  dwarfne.ss  and  two-thinis  to  its  earline.ss. 

The  production  of  dwarf  varieties  has  made  po.ssible  the  u.se  of  the 
grain  header  in  harvesting  the  crop.  A  few  ingenious  farmers  have 
succeeded  in  raising  their  headers  on  timbers  until  they  will  cut,  with 
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fair  satisfaction,  the  ordinary  tall  varieties,  but  it  is  not  likely  to 
become  a  general  practice.  In  case  a  successful  row  header  is  invented 
it  is  more  likely  to  work  well  on  low  varieties  than  tall  ones,  especially 
in  windy  regions. 

Selecting  for  dwarf  stature  raises  the  question  of  the  ability  of  a 
plant  to  produce  as  large  seed  yields  after  the  stalk  and  leaves  have 
been  reduced  in  size.  How  far  can  reduction  in  the  size  and  height 
of  stems  be  carried  without  reducing  the  total  leaf  area?  How  far 
can  reduction  of  leaf  area  be  carried  without  reducing  grain  produc- 
tion? These  questions  can  not  be  answered  except  by  long-con- 
tinued investigations.  The  limits  of  profitable  reduction  in  size  will 
vary  with  climatic  conditions  of  different  regions.  While  these  limits 
are  not  yet  fully  known  for  any  region,  there  is  fair  proof  that  the 
standard  varieties  of  the  central  Plains  reorion  can  be  much  reduced 


Fig.  8.— Plat  of  select  Dwarf  milo. 


without  passing  the  lower  limit.  The  Dwarf  milo  (fig.  8)  and 
Dwarf  kafir  are  only  3  to  4  feet  in  height  under  conditions  that  make 
the  normal  crop  5  to  6  feet  in  height.  The  Dwarf  milos  outyield  the 
standard  milos  even  in  favorable  seasons.  The  White  durra,  which  is 
low,  yields  as  much  as  the  kafirs,  which  are  of  medium  height  or 
taller.  The  Dwarf, kafir,  although  recently  produced,  seems  likely  to 
hold  its  own  in  a  series  of  years.  An  extra-dwarf  Brown  kowliang 
has  been  obtained  in  China.  It  grows  to  a  height  of  about  2  feet, 
but,  like  most  newly  introduced  sorghums,  does  not  show  high 
yielding  power. 

These  crops  have  originated  in  subtropical  lands  and  are  commonly 
inclined  to  large  growth.     While  they  have  been  used  chiefly  for 
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grain  production  in  their  native  liomes,  it  has  been  by  more  or  less 

primitivo  pcuiples,  and  th«»  returns  have  nol  Immmi  Inrfje.  Since  coming 
to  this  country  most  of  the  standard  vjirictics  luive  been  rechiced  in 
size  and  at  the  same  tim(»  increased  in  yiel(hn«^  power.  The  hmit  of 
profitabU*  tlwarfness  has  probably  not  been  reached;  it  certainly  haa 
not  been  passed. 

PRODUCTIVENESS. 

The  l\v(»  l\i*\>i<»  itnreased  <xrain  yields  are  beliii  \  ai  M-in  >  mum  iMUrj 
methods  of  growini;  theni.  Better  varieties  mean  pure  and  smut-free 
crops,  with  better  filled  and  perhaps  lar<;er  heads,  erect  and  fully 
exserted  from  the  boot,  borne  on  stalks  with  fewer  suckers  and  no 
branches.  Better  methods  relate  to  proper  and  even  spacing  of 
stalks  in  the  row  and  to  thorough  cultivation  of  the  growing  crop. 
They  also  include  proper  rotations  and  suitable  tillage  of  the  land 
when  not  in  crop.  Selections  for  better  yields  may  naturally  Imj  con- 
tinued as  long  as  the  crop  is  grown.  No  one  nniy  say  what  returns 
will  finallv  be  obtained.  We  may  reasonably  hope,  by  continued 
effort,  to  increase  greatly  the  present  average  yields. 

PURE   VARIETIES. 

Extended  travel  and  obsei-vation  in  the  grain-sorghum  belt  show 
that  many  of  the  fields  of  different  kafir  and  milo  varieties  are  not 
pure.  The  same  is  true  of  the  fields  of  .sorgos  or  sweet  sorghums  and 
of  broom  corn.  This  condition  comes  from  two  causes,  mixtures  and 
hybrids.  Usually  both  are  present,  because  mixtures  quickly  result 
in  hvbrids. 

The  advantages  of  pure  cro])s  are  many  and  easily  seen.  Pure 
varieties  are  most  likely  to  be  uniform  in  height  and  in  time  of  rij)en- 
ing,  and  hence  are  easy  to  harvest.  The  grain  is  of  nuich  greater 
value  for  seed  pur])oses  and  also  obtains  a  higlier  grade  and  commands 
a  better  ])rice  on  the  grain  market.  It  is  also  better  as  a  feeding  grain, 
because  more  uniform  in  (piality. 

Mixtures  readily  result  from  carelessness  in  cleaning  empty  bags, 
bins,  wagons,  and  se])arators,  or  in  storing  the  seed.  Most  of  the 
mixing  from  these  causes  may  be  easily  prevented.  The  presence  of 
other  varieties  as  volunteer  cro])s  in  the  fields  is  also  a  common  cause 
of  mixtures  and  one  not  so  easily  controlled.  Early  And)er  sorgo 
and  related  strains  are  very  common  and  troublesome  v(dunteer  crops 
in  western  Kansas  and  Oklahoma.  The  damage  done  by  these 
mixtures  of  varieties  can  be  lar<rely  remedied  by  roguing  the  fields; 
that  is,  removing  by  hand  all  j)lants  not  true  to  the  variety  grown. 
Where  not  ])()ssible  to  rogue  an  entire  field,  a  ])art  may  be  cleaned  and 
the  seed  saved  from  that  ])ortion. 

Cro.ssing  or  hybridizing  is  more  common  in  the  sorghums  than  in 
most  other  farm  croj)s.  This  is  because  they  are  all  open  fertilized; 
that  is,  intended  to  be  cross  fertilized  b\'  means  of  the  wind.  The 
three  stamens  (pollen-bearing  or  male  part  of  the  flower)  and  two 
pistils  (pollen-receiving  or  female  part  of  the  flower)  all  appear  outside 
the  glumes  or  hulls  of  the  flower  in  the  early  morning.  The  anthers 
or  pollen  sacs  open  at  the  end,  and  the  pollen  grains  are  quickly 
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emptied  into  the  air  as  the  anthers  swing  in  the  wind.  The  pollen  is 
quite  as  likely  to  be  carried  on  the  breeze  to  the  flower  on  some  other 
plant  as  it  is  to  fall  upon  the  pistils  projecting  from  the  flowers  on  the 
same  plant.  The  ease  with  which  such  crossing  occurs  is  increased 
because  these  crops  are  most  largely  grown  in  regions  of  fairly  constant 
winds  and  because  their  greater  height  enables  the  wind  to  carry  the 
pollen  farther  than  in  the  case  of  lower  crops. 

Crossing  is  likely  to  occur  wdienever  two  varieties  are  growing  near 
each  other  if  they  are  in  flower  at  about  the  same  time;  hence,  when- 
ever mixtures  of  different  varieties  are  found  in  a  field,  hybrids  are 
almost  certain  to  be  formed  and  to  appear  in  the  crop  the  following 
year.  In  the  grain-sorghum  belt  many  of  these  are  caused  by  the 
presence  of  Earlv  Amber  and  other  volunteer  sorghum  varieties  in 
tlie  fields  of  nearly  all  farms.  Hybrids  also  result  from  ])lanting  the 
fields  of  different  varieties  too  near  together.  Just  how  far  apart  the 
fields  should  be  to  insure  safety  from  hybridizing  is  an  open  question. 
In  the  Great  Plains  area  the  prevailing  winds  are  from  the  south  and 
the  alternating  winds  usually  from  the  north.  Crossing,  therefore,  takes 
place  at  greater  distances  in  a  north  and  south  line  than  in  an  east  and 
west  line.  Where  two  fields  lie  north  and  south  from  each  other,  a 
distance  of  8  or  10  rods  would  probably  be  required,  and  15  or  20  rods 
would  be  preferable.  Where  the  fields  lie  east  and  west  from  each 
other,  the  crops  would  be  fairly  safe  from  crossing  at  shorter  (listance« 
than  those  stated. 

SMTJT-FREE  VARIETIES. 

There  are  tw^o  kinds  of  smut  affecting  sorghums,  head  smut  and 
kernel,  or  grain,  smut.  In  the  former  the  young  head  becomes  a 
black  mass  of  smut  spores,  inclosed  at  first  in  a  gra3ash  covering  or 
membrane.  In  the  kernel  smut  the  seed  is  the  only  part  visibly 
affected.  The  head  looks  much  as  usual  except  that  in  the  case  of 
white-seeded  varieties  it  is  much  darker  in  appearance.  Tlie  seeds 
are  replaced  by  longer,  gray  smut  kernels,  full  of  black  spores.  These 
smuts  occur  on  all  kinds  of  sorghums  exce])t  milos.  Neither  smut 
has  ever  been  found  on  the  varieties  of  the  milo  group. 

The  head  smut  is  not  very  common,  which  is  fortunate,  because 
no  means  of  controlling  it  is  yet  known.  The  kernel  smut  is  quite 
common,  and  often  completely  destroys  from  2  to  10  per  cent  of  the 
heads  in  a  field,  reducing  the  yields  of  grain  in  the  same  proportion. 
It  can  easily  be  controlled  by  the  modified  hot-water  treatment  or  by 
the  use  of  formalin.^ 

BETTER  YIELDING  VARIETIES. 

Better  yielding  varieties  may  come  originally  from  an  experiment 
station  or  other  source,  or  they  may  be  produced  by  the  farmer  him- 
self from  his  own  fields.  In  either  case  the  grower  must  continue  the 
selection  from  year  to  year.  In  its  simplest  form  this  will  mean  the 
selecting  of  stalks  of  desirable  size  and  habit,  bearing  large  and  well- 
shaped  heads  (figs.  9  and  10),  well  loaded  with  plump  grains.  This 
requires,  of  course,  that  the  work  of  selection  be  done  in  the  field. 

'  Full  directions  for  using  these  treatments  are  given  in  Circular  s,  revised,  Bureau  of  Plant  Industry, 
U.  S.  Dept.  of  Agriculture,  entitled  "  The  Snuits  of  Sorghum,"  which  may  l)e  obtained  free  on  application 
to  the  Secretary  of  Agriculture. 
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i loads  selivliHl  in  tlio  bin  ur  tub  irii  iiiiii>  ui  llio  .sialk  un  wlmii  inev 
«rn»\v.  Tho  work  shonlii  bo  dono  boforo  harvostinj;  boj^ins  and  a 
sniiiciont  cjuantity  soloctod  to  furnisli  nlonty  of  sood  for  tho  farm  crop 
of  tho  noxt  yoar.  Whoro  oarlv  soh'ctioii  of  sood  has  boon  noj^Iootcd 
tho  solootions  nniv  still  bo  nnido  (lurin«r  harvest,  if  harvostinj^  is  done 
by  hand.  A  small  box,  fastonod  to  tlic  near  side  of  tho  wu^on  bed, 
will  serve  to  receive  the  selected  heads.     Careful  selecting  is  not  likely 


.►:«■>'.*, 


Fig.  9.— Two  heads  of  mile,  showing  desirable  and  undesirable  forms. 

to  be  done,  however,  in  the  hurry  of  harvest.     Where  machine  heading 
is  practiced  this  method  is,  of  course,  not  possible. 

The  soloctod  heads  may  be  huno;  up  in  a  dry  j)Iace  or  laid  in  thin 
huers  on  shelves  and  thrashed  in  the  s])rinf]:.     If  they  are  tlirashed 
in  the  fall,  the  seed  should  be  carefully  stored  in  a  cool  room,  and 
])referably  in  baf!:s  rather  tlian  in  bins.     There  is  nuich  danger  < 
tro\  in</  its  vitalitv  if  it  is  allowed  <<>  luMif . 


m 

loworinL'"  or  i\o 


Desirable  Forms  of  Heads. 

Well-filled  heads. — It  is  important  that  the  heads  be  well  filled  at 
the  butts  and  tips,  as  in  the  case  of  corn  ears.  Ivoss  attention  has 
been  given  to  this  nuittor  tlmn  it  deserves.     Fisrnro  0  shows  dcsimble 
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and  unde:sirable  forms  of  milo  heads,  and  figure  10  shows  desirable 
heads  of  BlackhuU  kafir.  Milo  may  be  taken  as  representing  durras 
also,  while  the  kafir  may  be  regarded  as  the  proper  shape  for  kowhangs 
as  well.  The  poorer  head  contains  less  grain  and  is  therefore  less 
productive.  It  also  contains  a  larger  proportion  of  fiber  and  hence 
IS  less  valuable  as  a  feeding  ration. 

The  heads  selected  should  have  shorter  branches  at  the  butt  than 
in  the  rest  of  the  head.  These  lower  branches  should  be  loaded  with 
seed  down  to  the  point  where  they  join  the  rachis  or  central  stalk  of 


Fig.  10.— Two  plants  of  BlackhuU  kafir,  5|  feet  high,  selected  for  high  yielding  power. 

the  head.     Long  basal  branches  are  likely  to  droop  and  finally  break 
away  under  the  combined  stress  of  weight  and  wind. 

Fully  exserted  heads. — It  is  also  important  that  the  head  be  fully 
exserted  from  the  boot,  or  upper  leaf  sheath.  No  seed  is  produced 
on  the  part  not  exserted,  which  often  becomes  moldy  or  rotten  if  wet 
weather  prevails.  Corn  ear-worms  {Heliothis  ohsoleta)  and  false 
army  worms  {Laphygma  frugiperda)  breed  in  such  places  and  add  to 
the  injury.  When  these  heads  with  spoiled  butts  are  piled  with 
others  they  are  likely  to  cause  damage  to  the  whole  heap.  Varieties 
in  which  the  heads  are  not  fully  exserted  are  also  more  difficult  to 
harvest  b}^  hand  or  machine. 

448 


Hi:rn:i{  (JUain-sohghum  <.koi»s.  t>7 

The  main  ajrriiultnnil  tlilFonMico  botwocn  Whito  kalir  and  Blackhull 
kalir  is  that  th(»  licads  o(  Wliilo  kafir  never  htnoino  fully  cxsortiMl  from 
tho  lH)()t.  White  kalir  was  tlio  lii-st  kalir  variety  to  cdnie  into  general 
cultivation  in  this  country,  but  it  has  since  been  almost  wholly  dis- 
carded, lai*gely  for  this  reason.  Hlackhull  kafir,  the  |)resent  i)o|)ular 
variety,  beai-s  the  heiids  nonmdly  entirely  free  from  the  boot  (fig.  10). 

Large  heads.  -In  selecting  for  large  heads  the  proportionate  .size 
of  the  stalks  must  always  be  considered.  Not  the  largest  liead  alone, 
but  the  hirgest  possible  head  on  the  smallest  stalk  is  the  most  desir- 
able selection.  The  grain  sorghums  are  for  use  where  limited  rainl  I! 
is  the  principal  controlling  factor  in  grain  production.  Larger  pl;iiii> 
use  and  trans|)ire  more  water  than  smaller  ones.  vSelection  should 
be  made  where  the  stand  is  uniform  and  fairly  thick,  and  should 
include  the  largest  and  best  heads  produced  under  sucli  conditions. 
They  should  not  be  made  from  the  outer  row  of  tlie  field  or  plat,  or 
from  places  where  the  stand  is  thin,  even  though  the  larger  heads  are 
founcl  in  such  places.  From  6  to  7  inches  or  row  for  each  stalk  is 
considered  the  proper  spacing  for  milos  and  9  to  10  inches  for  kafirs 
in  tiie  higher  j)lains. 

Average  weight  of  heads. — The  average  weight  of  heads  varies 
with  the  stand  and  seasonal  conditions.  Close  spacing  of  stalks  in 
the  row  or  an  unfavorable  growing  season  reduces  the  size  of  the 
heads,  even  if  they  are  well  filled,  wide  spacing  and  favorable  con- 
ditions cause  larger  and  heavier  heads.  Ijnder  average  field  condi- 
tions the  heads  or  milo  and  Dwarf  milo  weigh  from  3  to  4  ounces  and 
those  of  durra  varieties  about  3  ounces  each.  In  the  kafir  group  the 
heads  are  normally  much  heavier,  weighing  from  4  to  6  ounces,  wliile 
kowliang  heads  vary  between.  3  and  4  ounces  each. 

Percentage  of  Grain  in  Total  Crop.' 

The  percentage  of  grain  in  the  total  crop  varies  greatlv  willi  the 
character  of  the  season  in  which  the  crop  is  grown  and  with  the 
stand  of  stalks.  Some  experiments  indicate  that  under  ordinary 
ronditions  milo  and  Dwarf  milo  will  produce  from  35  to  40  per  cent 
of  their  total  weight  in  the  form  of  grain.  In  Blackhull  kafir,  and 
probably  Red  kanr  also,  the  average  will  be  about  25  per  cent,  on 
account  of  the  heavy  stalks  and  leaves  of  the  kafirs.  For  the 
kowUangs  the  proportion  will  be  about  the  same  as  in  milos.  One 
plat  of  milo  at  the  Dalhart  Experiment  Farm,  Texas,  in  190S  yielded 
47.2  per  cent  of  its  weight  in  grain.  Three  plats  yielded  above  40 
per  cent.  On  the  other  hand,  in  seasons  of  drought  or  other  unfa- 
vorable conditions  the  percentages  of  grain  may  fail  to  one-haif  or 
less  of  the  averages  given  above. 

Freedom  from  Suckers  and  Branches. 

All  sorghums  apparentlv  have  the  habit  of  producing  both  suckers 
and  branches.  There  is,  however,  considerable  difTerence  among  the 
groups  and  varieties  in  this  regard.  Suckers  seem  to  be  produce<l 
normally,  branches  only  under  somewhat  exceptional  conditions. 
They  will  be  discussed  separately. 

'  See  BuUetin  203,  Bureau  of  Plant  Industry,  U.  8.  Dept.  of  Agriculture,  enUtled  "The  Importanoe  and 
Improvement  of  the  grain  sorghums,"  by  Carieton  R.  Ball,  for  a  discussion  of  tabulated  results. 
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Suckers. — These  are  produced  from  the  ck)sely  crowded  lower 
nodes  or  joints  of  the  stem,  just  at  the  surface  of  the  ground.  They 
appear  in  some  cases  almost  as  early  as  the  main  stalk  itself  and  in 
other  cases  not  until  the  main  stalk  is  well  grown  or  even  after  it  has 
begun  to  mature  its  seed.  They  may  vary  in  number  from  1  to  10 
or  15,  according  to  the  habit  of  the  plant  or  to  the  particular  environ- 
mental conditions,  such  as  abundance  of  food,  moisture,  etc.  Though 
their  heads  are  usually  smaller,  suckers  differ  from  the  main  stalk 
cliiefly  in  height  and  earliness.  They  are  usually  rather  lower  and 
almost  always  later  in  maturing,  often  very  much  so.  Where  the 
latter  part  of  a  season  is  more  favorable  than  the  earlier,  suckers 
often  grow  taller  than  the  main  stalk.  Their  difference  in  stature  is 
objectionable  only  in  harvesting,  but  their  late  ripening  is  a  more 
serious  matter. 

The  value  of  suckers  in  grain-sorghum  crops  is  still  a  debated  ques- 
tion. Many  of  the  advertisements  offering  the  seed  of  these  crops 
dwell  at  length  on  their  power  to  produce  several  stalks  from  one 
seed.  Considering  the  cheapness  of  the  seed  of  grain  sorghums  and 
the  exceedingly  small  quantity  (2  to  4  pounds)  needed  to  plant  an 
acre,  the  grower  can  well  afford  to  require  only  a  single  stalk  from  a 
single  seed.  In  a  forage  crop,  where  abundance  of  leaves  is  wanted, 
suckers  may  be  very  desirable,  but  in  a  grain  crop  requiring  little 
seed  the  w^eight  of  evidence  is  against  them.  Their  existence  may 
be  partly  justified  by  their  help  in  making  a  fuller  crop  where  a  thin 
stand  occurs.  This  is  largely  offset  by  their  somewhat  later  matur- 
ing. It  is  a  question  whether  the  seed  produced  really  pays  for  the 
food  and  moisture  used. 

Selections  should  then  be  made  with  the  object  of  entirely  remov- 
ing suckers.  This  can  best  be  done  by  selecting  heads  from  stalks 
which  produce  none.  In  case  the  crop  an  which  selection  is  begun 
does  not  contain  any  stalks  wholly  without  suckers,  the  selection 
should  be  made  from  stalks  which  have  only  a  single  sucker  or  in 
which  the  suckers  are  very  small  and  appear  very  late  in  the  season. 
In  this  way  the  tendency  to  produce  them  will  gradually  be  overcome. 
Closer  planting  in  the  drills  will  also  have  this  effect.  The  com- 
bined effect  of  these  two  methods  will  materially  reduce  the  numbers. 

Branches. — The  stems  of  all  sorghums,  like  those  of  corn,  are  made 
up  of  alternate  joints,  called  nodes,  and  elongated  sections  of  nearly 
round  stem  called  internodes,  meaning  literally  ^'  between  the  nodes." 
The  peduncle  is  the  rather  long  section  of  the  stem  which  grows  from 
the  uppermost  node  and  bears  the  main  head.  A  leaf  arises  at  each 
node.  The  lower  part  of  each  leaf  is  called  the  sheath  and  is  a  collar 
which  tightly  incloses  the  internode  for  some  distance  above  the  joint 
or  node  from  which  it  grows.  A  little  bud  is  borne  at  every  node 
except  the  uppermost,  which  bears  the  main  peduncle  instead.  These 
buds  lie  snugly  in  a  little  furrow  in  the  internode,  with  the  leaf  sheath 
wrapping  them  like  an  overcoat.  When  conditions  are  favorable, 
these  buds  develop  into  branches. 

Branches  are  most  likely  to  be  produced  when  the  weather  remains 
warm  and  moisture  is  abundant  late  in  the  season.  The  uppermost 
bud  develops  first,  the  young  branch  forcing  its  way  out  at  the  top  of 
the  leaf  sheath  or  by  splitting  the  back  of  the  sheath.  It  then  rap- 
idly elongates,  putting  out  leaves  and  finally  a  terminal  seed  head. 
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It  tluis  becomes  a  luiiiiiiluic  stulU,  ;^'ri)\\ini^  uii  I  ho  j)arent  slalk  mui 
exactly  like  it  in  all  respects  except  size.  Aleantinie  the  buds  at  the 
successively  lower  nodes  have  been  niakinjif  similar  growth.  If  the 
setison  is  lonj^  enough  and  tho  moisture  suflicientlv  abundant,  all 
these  developinj^  buds  will  become  fruit-bearin*^  .stalks.  In  extreme 
cases  tho  lateral  buds  on  tho  oldest  or  uppermost  branches  will  them- 
selves develon  into  branches.  This  compound  branchinj^  could  go  on 
indefinitely  it  permitted  by  seasonal  conditions. 

The  heads  on  these  branches  are  much  smaller  and  less  productive 
than  those  on  the  main  stalk.  They  are  also  much  later  in  maturinj^. 
Advertisements  which  state  that  a  sin<;le  stalk  produces  from  four  to 
ten  lar<,'e  heads  are  wholly  misleadinj^.  The  branches  themselves, 
arising  lirst  from  the  upper  nodes,  nuike  the  plant  top-heavy  ancl 
likely  to  loilge.  The  presence  of  branches  interferes  with  the  har- 
vesting of  the  grain.  It  often  delays  the  maturing  of  the  main  head. 
Branches  also  use  water  that  should  remain  in  the  ground  for  the  use 
of  the  next  crop,  without  making  any  adequate  return.  They  are 
therefore  wholly  objectionable  and  should  be  prevented  by  selection 
and  proper  planting  wherever  they  tend  to  occur 


BETTER  METHODS  OF  PRODUCTION. 


Only  methods  of  ])lanting  and  the  proper  cultivaiiou  oi  tm-  <  rop 
will  be  treated  here.  Rotations  and  general  tillage  to  conserve  mois- 
ture have  their  influence  on  crop  improvement.  In  a  new  country, 
however,  strict  rotation  systenis  can  not  be  followed,  and  the  general 
methods  of  dry  farming  need  not  be  given  in  this  |)aper.  The  j)rinci- 
|)les  are  two:  (1)  Till  so  as  to  a})sorb  the  rainfall  and  (2)  till  so  as  to 
prevent  evaporation.     This  subject  has  been  fully  treated  elsewhere.' 

Proper  stand  or  row  space. — The  whole  question  of  the  proper  stand 
or  row  space  for  the  (liiTerent  varieties  under  different  conditions  of 
soil  and  moisture  is  one  of  which  little  is  yet  known  It  is*  nrtt  the 
])lant  having  the  largest  head  which  makes  the  biggest  acre  yield,  but 
the  plant  which  can  produce  the  largest  head  while  growing  in  the 
smallest  j)ossible  row  space.  - 

The  results  of  four  years'  experiments  at  the  Amarillo  Experiment 
Farm,  Amarillo,  Tex.,  indicate  that  in  general  the  kowliangs  yield 
best  with  a  stand  of  1  stalk  in  each  5  or  G  inches  of  row;  tho  milos 
and  durras  with  1  stalk  in  each  7  or  8  inches  of  row;  and  the  kafirs 
with  1  stalk  to  each  9  or  10  inches  of  row  In  all  ct\ses  the  rows  are 
3h  feet  apart,  and  as  far  as  possible  the  seeds  are  dro|)ped  singly  in 
the  rows  (fig.  11).  Under  these  conditions  improved  variet  ies  in  each 
of  these  three  distinct  groups  give  aj)proximately  tho  same  yields. 
The  Amarillo  Experiment  Farm  has  an  elevation  of  3. 600  feet  and 
an  average  annual  rainfall  of  22  inches,  the  larger  part  of  which 
comes  during  the  growing  .sea.son.  Further  investigations,  continu- 
ing the  experiments  through  a  longer  period  of  yeai-s,  may  <liscover 
that  better  average  yields  \vill  be  produced  at  other  spacin</<  *I«mti 
those  noted  above. 

It  is  probable  that  at  other  locations  better  results  will  In*  ><■(  un-d 
at  other  rates  of  planting  than  those  given  for  Amarillo      The  rate 

'  See  Farmers'  Bulletin  2.V'i.  entitled  •'  Manajjpment  of  Soils  to  Conserve  MoLsture."  which  will  lie  spnt  free 
on  application  to  the  Secretary  of  vtx  nit  nr..   w  .-.hiT.,.i,.ii   i»  c    ,ir  i,.  ,nv  McmUTofCc 
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will  vary  with  different  elevations,  different  amounts  of  annual  rain- 
fall or  a  different  proportion  of  it  during  the  growing  season,  and  with 
differences  in  the  character  of  the  soil. 

Drills  or  hills. — Another  important  question  which  has  not  yet  been 
made  the  subject  of  experiment  to  any  extent  is  the  comparative  value 
of  planting  in  drills  and  in  hills.  For  instance,  1  stalk  every  6  inches 
in  the  row,  or  2  stalks  in  a  hill  every  foot,  or  3  stalks  in  hills  IS  inches 
apart,  or  4  stalks  in  a  hill  and  the  hills  2  feet  apart  would  all  give  the 
same  number  of  stalks  per  acre.  Would  they  give  the  same  results 
in  bushels  of  grain  per  acre?  The  answer  is  not  known.  All  the 
evidence  at  hand  indicates  that  the  advantas^e  is  in  favor  of  a  single 


i 

Fig.  11.— Plat  of  Brown  kowliang,  showing  stalks  singly  and  evenly  spaced  in  the  row. 

stalk  in  a  place.  Experiments  with  corn  seem  to  show  that  where 
from  3  to  5  kernels  are  planted  in  a  hill  better  results  are  secured 
when  the  kernels  are  scattered  a  few  inches  apart  instead  of  being 
dropped  in  a  bunch. 

Aside  from  the  immediate  question  of  yields,  however,  there  are 
other  reasons  for  preferring  planting  in  drills  rather  than  in  hills. 
These  reasons  are  connected  with  the  production  of  suckers  and 
pendent  heads.  Observations  indicate  that  the  fewest  suckers 
and  pendent  heads  to  the  stalk  are  produced  where  the  stalks 
stand  singly.  Whether  this  be  true  or  not,  it  is  certain  that 
where  the  stalks  stand  one  in  a  place  it  is  much  more  easy  to 
determine  whether  suckers  are  produced  and  to  take  steps  to  get 
rid  of  them  by  selection. 
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Planter  plates. — TIio  difTiciiltv  of  sonirin;^  propor  rates  of  j)luiiting 
is  partly  <lii('  to  lui  idea  p(M*sistm*^  in  tlu»  inimlsof  j^rowcrs  and  |»artly 
to  lark  of  suitaMo  plates.  When  flie  former  is  eorreeted,  the  hitter 
ean  he  easily  ohtained.  The  iii-st  sorj^hiuns  extensively  cultivated  in 
this  eountry  were  the  sorjjos,  which  are  forajjo  crops  and  as  such 
are  planted  thickly.  The  other  leading;  j;roups,  the  niilos  and  kafirs, 
were  also  iii*st  repirded  as  fora<;e  plants  and  sown  quite  t  hickly .  Com 
plantei"s  were  ecpiipned  witli  **cane''  j)late.s  which  droppcMl  10  to  25 
seeds  in  a  foot  of  (Irill.  In  this  way  the  idea  of  thick  seedinj^  for 
sorghums  hecame  linnly  fixed  in  the  minds  of  throwers. 

The  value  of  the  milos,  kafii's,  and  durras  as  j^rain  producers  waa 
onlv  fjraduallv  reco«;nized.  The  necessity  of  plant in<^  thinly  where 
hijjli  fi^rain  yieliis  were  desiied  was  realized  even  more  slowly.  Though 
this  necessUy  is  now  beinjx  seen  by  the  ji:reat  hotly  of  «i:  rain -sorghum 
^rowei-s,  there  is  not  yet  knowledj^e  an{ra<;reement  as  to  tlu^  pr()|)er 
rates  of  |)lantinj;.  These  vary  with  different  conditions  and  nnist  he 
made  the  subject  of  extensive  experiments.  Meantime  the  manu- 
facturers of  i)lanters,  thout^h  recoj^nizin^  the  demand  for  different 
plates,  have  iiad  little  data  on  which  to  create  a  suitabl(»  supply. 

So  far  as  the  size  of  the  seeds  is  concerned,  j)robably  only  two  sets 
of  plates  will  be  necessary  in  order  to  drop  a  sin^rle  seed  at  a  time  of 
any  variety.  The  two  sets  will  have  the  noles  of  different  sizes  and 
perhaps  of  slitjhtly  difTerent  shapes  also.  Milos  and  tlurras  have 
rather  larjje  vseeds,  more  or  less  round  in  outline.  Kafirs  and  kowliangs 
have  smaller  and  more  nearly  oval  seeds. 

Ilavini^  these  two  sets  of  ])lates,  certain  variations  in  the  rate  of 
plantijit?  will  be  necessary  in  order  to  space  properly  the  seeds  of 
different  varieties  in  the  drill.  For  instance,  tiie  seeds  of  kafii-s  and 
kowlian<;s  will  droj)  siii<;ly  tlirou<]jh  the  same  hole,  but  the  kafii's 
should  be  planted  10  inches  apart  and  the  kowlianj^s  onlv  5  or  G  inches. 
This  variation  in  rate  is  secured  in  two  ways:  (1)  By  the  adjustment 
on  the  planter  wliich  changes  the  speed  of  the  plate  and  (2)  by 
using  plates  drilled  with  different  numbers  of  holes.  Where  plates 
with  tne  proper  number  of  holes  are  not  purchasable,  blank  plates 
can  be  secured  and  drilled  by  a  blacksmitn.  Care  should  be  taken 
that  the  holes  are  countersunk  on  the  lower  side  of  the  plate  so  that 
seeds  will  not  become  wedged  in  them. 

ADAPTABILITY  TO  MACHINE  HANDLING. 

More  than  ever  is  it  true  that  the  demand  is  strong  for  crops  which 
may  be  handled  readily  and  profitably  by  machinery  at  every  stage 
in  their  production.  This  has  long  been  true  of  the  small-grain  croj)s. 
Corn  and  cotton  are  examples,  however,  of  two  great  sta])le  crops 
which  must  still  be  gathered  by  hand.  However,  many  and  varied 
efforts  are  being  made  to  produce  machines  which  will  ■'•■«iMr  tlio 
ears  of  corn  and  the  lint-covered  seeds  of  the  cotton. 

If  the  grain  sorghums  are  to  become  staple  crops  on  a  large  scale 
they  must  be  adapted  to  machine  handling.  In  the  early  3'ears  of  the 
cultivation  of  milo  and  kafiras  important  crops,  there  were  two  methods 
of  harvesting  in  vogue  where  seed  was  desired.  The  first  was  U)  cut 
the  cro]),  stalk  and  all,  with  the  corn  binder  and  cure  it  in  the  shock. 
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The  heads  were  then  cut  from  the  bundles  with  a  knife,  saw,  or 
hatchet.  The  second  method  was  to  cut  the  heads  by  hand  in  the 
field.  This  was  done  with  a  knife  and  the  heads  were  thrown  into  a 
wagon  body,  like  ears  of  corn.  Both  these  methods  are  in  common 
practice  to-day. 

HEADERS. 


Some  years  ago  there  was  invented  a  header  designed  for  use  in 
heading  kafir.  Though  still  in  use  to  some  extent,  it  has  never  been 
a  popular  or  widely  used  machine.  It  is  rather  heavy,  not  running 
upon  its  own  gear,  but  attached  instead  to  the  side  of  the  wagon  box. 
It  is  heavy  and  hard  to  handle,  destructive  to  the  wagon  bed,  and  not 

susceptible  to  quick 
and  wide  adjust- 
ments. Moreover, 
it  heads  but  a  single 
row  at  a  time  and 
is  rather  expensive, 
considering  all  these 
points.  It  can  not 
be  used  on  milo  be- 
cause of  the  large 
number  of  pendent 
heads,  or  on  Dwarf 
milo  because  of  its 
lowgrowth.  In  re- 
cent years  many  at- 
tempts have  been 
made  to  invent  a 
satisfactory  row 
header  which  would 
be  free  from  the  ob- 
jectionable features 
mentioned.  vSo  far 
these  efforts  have 
not  been  successful, 
though  one  of  the 
machines  gives  con- 
siderable  promise. 

Since  the  intro- 
duction  of    Dwarf 

Fig.  12.— Milo  heads;  one  pendent,  one  erect.  milo     it      haS      bcCU 

found  possible  to 
harvest  it  rapidly  and  satisfactorily  by  means  of  the  ordmary  grain 
header ._  The  standard  milo  and  the  kafirs  are  too  tall  for  easy  han- 
dling with  this  machine.  A  few  ingenious  farmers  have,  however,  con- 
trived to  raise  their  headers  on  planks  to  a  point  where  they  will 
gather  these  taller  crops  with  a  fair  degree  of  satisfaction.  One  great 
advantage  of  the  grain  header  is  that  it  enables  the  farmer  to  harvest 
his  small  grains  and  his  feeding  grains  with  the  same  machine.  As 
it  cuts  a  number  of  rows  at  a  time,  the  work  is  done  rapidly  and  a  large 
area  is  easily  handled. 
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Pwo  facts  still  prevent  the  general  use  of  the  ^rain  header  for  these 
crops,  viz,  their  noijjht  and  the  presonoo  of  poiKh^nt  honds  i?i  some 
varieties.  Here  is  a  ])n)l)KMn  in  sele<'tion  for  the  fanner.  Dwarf 
strains  of  kalir  nnist  he  ])ei'feeted  to  e(|ual  the  Dwarf  niilo  already  so 
])opular.  Varieties  with  erect  heads  must  ho  had  in  all  milns  jnid 
durras. 

PENDENT  HEADS. 

There  are  four  ^eat  fjroups  of  jjrain-producin^  sorgfhums  now  under 
cultivation  in  this  country.  Tliese  are  milo.durra,  kalir,  and  kowlian<:. 
The  first  two  «(rouj)s  orij^inally  had  ])endent  or  "j^oosenecked"  heads 
(lijr.  12).     In   the  la.st   two   t2:roups   the   heads   are   normall}^   erect. 


>f  the  WM^tef'il   -1'" 


ERECT 


The  durnw  are  hut  little  pown  oecause 
of  the  seed,  the  irritatinj]^  hairs 
on  the  glumes,  and  the  pendent 
heads.  A  strain  of  AVhite  durra 
has  heen  perfected  in  which  100 
per  cent  of  the  heads  are  erect 
under  all  conditions.  Improve- 
ment in  the  milos  has  not  pro- 
jrressed  so  far.  The  percentage 
of  erect  heads  varies  from  50  to 
95,  depending,  perha])s,  more 
upon  tJie  character  ot  the  sea- 
son than  on  the  particular 
strain.  This  character  does  not 
yield  reailily  to  selection.  It 
douhtless  can  be  entirely  elini- 
inatetl,  however,  by  long-con- 
tinued selections. 

Pendent  heads  seem  to  be 
the  result  of  deep-seated  habit 
in  the  plant.  Because  the  larg- 
est, heaviest  heads  are  most 
likely  to  be  pendent,  some  per- 
sons believe  that  the  bending  is 
caused  by  the  weight  of  the 
licad.  This  is  not  true.  The 
peduncle,  or  stem  bearing  the 
liead,  often  begins  to  turn  down 
as  soon  as  the  head  comes  out 
from  the  boot  and  before  it  is 
at  all  heavy  with  seed.  Strong,  vigorous  stalks  are  most  likely  to 
produce  pendent  heads.  Enough  desirable  stalks  bearing  eir.  ( 
heads  can  usually  be  found,  however,  to  allow  selections  for  erect  n< 

Our  experiments  show  that  the  planting  of  these  crops  rather  thickly 
in  drills  tends  to  prevent  too  great  a  vigor  of  growth  and  therefore 
checks  the  production  of  pendent  heads  without  decreasing  the  yield. 
With  the  same  number  of  plants  per  acre,  those  planted  in  hills 
appear  to  produce  more  pendent  heads  than  those  spaced  eventy  in 
(Irdls. 

The  diagram  shown  in  figure  13  is  tentatively  suggested  as  an  aid 
to  those  who  are  recording  results  in  breeding  these  crops.     The 
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Fig.  13 


Diagram  showing  thn  niimcd   positions  of 
heads  of  milo  or  durra. 
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half  circle  through  which  the  head  may  pass  in  shifting  from  the 
absolutely  erect  to  the  absolutely  pendent  position  is  divided  in 
this  diagram  into  four  sectors  of  45  degrees  each.  The  head  not 
inclined  more  than  45  degrees  from  the  perpendicular  is  called  erect, 
and  is  so  for  all  practical  purposes  of  harvesting.  Between  45  degrees 
and  the  horizontal  it  is  called  inclined,  and  in  the  first  45  degrees 
below  the  horizontal  it  is  called  declined,  while  below  that  it  is  called 
pendent.  Though  all  such  heads  are  not  really  pendent,  the  header 
must  be  set  about  as  low  in  order  to  harvest  them  as  if  they  were 
hanging  straight  downward. 

GIVE  THE  BOYS  A  CHANCE  TO  SELECT  GRAIN-SORGHUM  SEED. 

Complaint  is  commonly  made  that  the  children  are  not  interested 
in  the  farm  and  that  many  of  them  leave  it  as  soon  as  possible. 
Interest  can  be  awakened  by  giving  the  boys  and  girls  something 
definite  to  do  in  the  way  of  improving  the  farm  and  its  products. 
Once  started,  they  should  be  encouraged  to  feel  responsible  for 
results.  They  should  also  receive  a  money  return,  however  small, 
for  the  improvement  resulting  from  their  efforts. 

The  formation  of  various  boys'  and  girls'  clubs,  especially  those  for 
the  growing  of  corn,  is  helping  to  create  interest  in  the  things  of  the 
farm.  They  are  real  steps  in  the  right  direction  and  should  be 
extended  to  cover  all  farm  crops,  poultry,  and  live  stock.  But 
it  is  not  necessary  to  await  the  formation  of  a  neighborhood  club  in 
order  to  interest  the  boy  in  selecting  better  seed.  Help  him  to  make 
selections  from  the  year's  crop.  Let  him  prepare  it  for  storing  over 
winter.  Set  aside  a  field  on  which  he  can  plant  it  the  following 
spring.  Plant  alongside  it  some  unselected  seed.  Assist  him  in 
comparing  the  two  fields.  Encourage  him  if  striking  results  are  not 
obtained  the  first  year.  Give  him  a  fair  share  of  the  profit  when 
profit  results  from  his  labors.  The  best  result  will  be  the  increase  of 
interest  and  knowledge  in  the  boy. 

SUMMARY. 

The  ' 'grain-sorghum  belt,"  broadly  speaking,  is  the  southern  half 
of  the  Great  Plains  region,  nearly  400  miles  wide  and  1,000  miles  long. 

It  is  a  region  of  low  rainfall  and  high  evaporation,  of  varied  soils 
and  considerable  elevation,  with  correspondingly  shortened  seasons. 
It  is  suited  to  become  a  noted  stock-feeding  region. 

The  grain  sorghums,  including  milos,  durras,  kafirs,  arid  kowliangs, 
are  of  recent  introduction  and  have  become  important  only  within 
the  last  20  years.  By  their  earliness,  drought  resistance,  and  adapta- 
bility they  are  especially  fitted  for  growth  under  Plains  conditions. 

Sorghum  grain  is  largely  used  for  feeding  stock  on  the  farms  where 
it  is  grown.  Its  feeding  value  is  nearly  equal  to  that  of  corn.  The 
protein  content  averages  higher  than  that  of  corn,  the  fat  and  fiber 
content  lower. 

Any  surplus  is  readily  marketed  as  whole  grain  or  as  chops  for 
feeding  purposes. 
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Sorp:hiim  prain  is  in  miioli  doninnil  for  poultry  food,  for  whicli  it  is 
aclinirahly  siiitod.  Over  25  nor  cent  of  the  injrnMlimta  of  prepared 
poult rv  foods  in  tlu*  oastorn  Vnitod  States  is  kafirprain. 

It  seems  prohaMe  that  tli<^  ni(»al  can  he  used  as  readily  as  corn 
meal  for  human  food  an<l  that  hoth  the  meal  and  flour  can  he  used 
in  mixtures  with  wheat  flour  if  desired. 

Kansas  and  Oklahoma  jxrow  annually  over  1,250,0(111  i     i 

prohahle  that  an  ecjual  area  is  prown  in  Texas  also. 

Vho  jjrain-sorjxhum  acreajje  in  Kansas  is  nearly  10  jx  i  (  . m  d  i  m- 

in  aereajre  and  in  Oklahoma  over  12  percent. 

More  than  half  the  kafir  and  over  95  i)er  cent  of  the  milo  is  j^rown  on 
the  dry  lands  west  of  the  ninety-<M<;htii  meridian.  In  thisrej^ion  tho 
j)roportionate  acreajxe  of  <j:rain  sorj^hums  to  corn  is  steadily  increasing?. 

In  spite  of  the  less  favorahle  conditions  under  which  much  of  the 
crop  is  thrown,  the  avera^je  acre  value  of  the  j^rain  sortjhums  in  Kansas 
'<  hi»rher  than  that  of  corn,  and  in  Oklahonui  it  is  70  j)er  cent  as  great. 

The  fi^rain  sor^jhums  may  he  greatly  improved  through  the  selection 
(•I  hetter  varieties  and  the  use  of  hetter  methods. 

Improvement  will  he  chieflv  in  the  direction  of  (1)  drought  resist- 
ance, (2)  earliness,  (.S)  dwarf  stature,  (4)  productiveness,  including 
erect  heads  and  freedom  from  suckers  and  hranches,  and  (5j  increased 
machine  harvesting. 

The  drought  resistance  of  the  grain  sorghums  is  very  important. 
It  is  prohai)ly  a  comhination  of  several  characters,  some  actually 
drouglit  resistant,  as  controlled  transpiration  and  a  strong  root 
system,  others  only  drought  evasive,  as  earliness  and  dwarf ness. 

Improvement  in  earliness  is  necessarv  in  adapting  the  crop  to 
regions  having  a  short  growing  season.  Pearly  plants  take  advantage 
of  early  seasonal  rainfall  and  also  have  lower  water  nujuirements. 

Milos,  White  durra,  and  some  Brown  kowliangs  are  normally  early. 
Two  early  strains  of  Blackhull  kafir  have  been  produ(;ed,  one  tall  and 
one  dwarfed. 

Dwarf  stature  lowers  the  water  requirement  of  the  crop  and  per- 
mits heading  by  machinery.  Dwarf  varieties  are  now  to  1'"  ^""1  in 
all  groups. 

Better  yielding  varieties  may  be  produced  by  selecting  km  nncII- 
shaped,  well-filled  heads,  fully  exserted  from  the  boot  and  as  large 
as  possible  in  proportion  to  the  size  of  the  stalk. 

The  value  of  suckers  in  the  grain-sorghum  crops  is  doubtful.  They 
are  often  shorter  and  usually  later  in  maturing.  SchmI  is  so  cheap 
and  so  little  is  used  per  acre  that  only  a  single  stalk  from  each  seed 
need  be  recpiired. 

Branches  are  utterly  wortliless  for  grain  production  in  j)roj)ortion 
to  their  objectionable  features  and  should  be  eliminated. 

Experiments  show  that  under  Panhandle  conditions  kowliangs 
give  best  vields  with  a  stand  of  one  stalk  to  each  5  or  6  inches  of  S^-foot 
rows:  milos  and  durras  each  7  or  8  inches,  and  kafirs  each  10  inches. 
Under  diiferentconditionsthespacing  will  need  to  be  varied  somewhat. 

Better  results  are  probably  secured  from  plants  single  in  the  drill 
than  from  the  same  number  of  plants  in  iiills.  Single  stalks  are 
also  more  easily  selected  and  harvested  and  seem  to  produce  fewer 
suckers. 
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To  plant  single  seeds  of  the  different  grain  sorghums  two  sets  of 
plates  are  needed,  with  holes  of  different  sizes,  one  set  for  milos  and 
durras  and  one  for  kafirs  and  kowliangs. 

To  space  different  varieties  properly  in  the  drill,  speed  adjustments 
on  the  planter  or  plates  with  different  numbers  of  holes  will  suffice. 

The  ordinary  grain  header  harvests  low  varieties,  like  Dwarf  milo, 
with  complete  success.  The  invention  of  satisfactory. row  headers 
or  the  growing  of  other  dwarf  varieties  will  solve  the  harvesting 
problem  finally. 

Pendent  heads  are  usual  in  some  varieties.  They  can  be  slowly 
eliminated  by  selection  and  proper  planting. 

The  boA's  of  the  farm  should  be  interested  in  seed  selection  to 
improve  farm  crops.     Give  them  a  chance  with  the  grain  sorghums. 


[A  lipt  giving  the  titles  of  all  Farmers'  Bulletins  available  for  distribution  will  be 
sent  free  upon  application  to  a  Member  of  Congress  or  the  Secretary  of  Agriculture.] 
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Lirm^R  OF  TRANSMIITAL 


U.  S.  Department  of  Agriculture, 

Bureau  of  Animal  Industry, 

Washington^  D.  T.,  March  7^,  1911, 
Sir:  I  have  the  honor  to  transmit  herewith,  and  to  recommend  for 
publication  as  a  FarmeiV  Bulletin,  a  pajMir  on  "  Rabios,  or  Hydro- 
pliobia,"  by  Dr.  John  R.  Mohler,  chief  of  the  Pathological  Division 
of  this  bureau.  This  paper  is  based  on  an  article  which  forms  a  part 
of  the  Twenty-sixth  Annual  Report  of  this  bureau. 

The  disease  known  as  rabies  in  animals  and  hydrophobia  in  man 
is  one  of  the  most  terrible  maladies  known  to  medical  science. 
Although  some  skepticism  as  to  this  disease  persists  and  is  industri- 
ously fostered  by  the  publication  of  erroneous  views,  the  reality  and 
the  infectious  nature  of  the  malady  have  been  abundantly  established 
and  confirmed  by  the  work  of  numerous  competent  scientific  investi- 
gators, and  there  is  no  more  reason  for  doubting  the  existence  of 
rabies  than  for  questioning  the  actuality  of  other  specific  and  well- 
recognized  contagious  diseases. 

Rabies  is  prevalent  among  dogs  in  various  parts  of  the  United 
States,  and  the  presence  of  infected  animals  is  a  constant  menace  to 
human  life.  Under  this  condition  the  relative  infrequency  of  deaths 
among  people  who  have  been  bitten  by  rabid  dogs  is  due  to  the  pro- 
tection afforded  by  the  Pasteur  treatment.  Even  with  this  treatment, 
however,  considerable  anxiety,  suffering,  hardship,  and  expense  are 
entailed  upon  many  people ;  and  it  must  also  be  remembered  that  for 
a  number  of  reasons,  not  the  least  of  which  are  the  inconvenience  and 
expense  involved,  a  large  proportion  of  the  persons  and  practically 
all  the  animals  that  have  received  the  vini^  flirounrli  )>'t"-  <](>  not 
undergo  this  treatment. 

Theoretically,  rabies  is  one  of  the  most  easily  eradiciited  of  conta- 
gious diseases,  but  practically  the  undertaking  is  beset  with  difficulties. 
All  that  is  required  is  the  muzzling  of  all  dogs  for  a  sufficient  time. 
This  has  been  amply  proved  by  the  experience  of  several  European 
countries  where  the  disease  has  been  stiimped  out  in  this  manner. 
But  the  carrying  out  of  such  a  measure  in  this  country  is  not  easy. 
Effective  action  can  not  be  taken  by  the  Federal  Government  alone; 
it  is  necessary  to  have  the  cooperation  of  the  States  and  municipalities 
and  of  the  people  at  large.  It  seems  desirable,  therefore,  that  the 
information  contained  in  the  accompanying  paper  be  given  the  widest 
publicity. 

I  Respectfully,  A.  D.  Melvin,  Cfdef  of  Bureau. 

\       Hon.  James  Wilson, 

Secretary  of  Agriculture, 
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RABIES  OR  HYDROPHOBIA 


NATURE  AND  CHARACTEKISTTCS  OF  THE  DISEASE. 

Skepticism  with  reference  to  the  existence  and  prevalence  of  rabies 
in  animals,  or  hydrophobia  in  man,  strange  as  it  may  seem,  is  still 
entertained  by  a  few  prominent  professional  men.  Their  contention 
shows  an  unwillingness  to  accept  the  work  of  reputable  investigators 
with  regard  to  this  particular  disease,  although  other  results  obtained 
by  the  same  investigators  upon  allied  subjects  are  accepted  and  advo- 
cated. There  is  no  greater  galaxy  of  names  associated  with  the  study 
of  any  of  the  infectious  diseases  than  is  connected  with  the  experi- 
mental investigation  of  rabies.  The  ablest  scientists  who  have 
adorned  the  medical  and  veterinary  professions,  and  to  whom  we 
owe  the  gi'eatest  deference  for  having  advanced  our  knowledge  of 
contagious  diseases,  have  repeatedly  shown  by  their  experiments  that 
rabies  is  a  specific,  communicable  disease,  preeminently  affecting  the 
canine  race,  although  all  warm-blooded  animals,  including  man,  are 
susceptible  to  it. 

Many  years  of  patient  scientific  research  have  been  required  to  lead 
these  investigators  to  a  clear  comprehension  of  the  nature  and  char- 
acteristics of  this  disease.  It  was  known  and  described  several  cen- 
turies prior  to  the  beginning  of  the  Christian  era,  and  from  the  dawn 
of  history  the  disease  has  been  feared  and  dreaded.  But  it  has  been 
only  in  comparatively  recent  years  that  we  have  arrived  at  a  tolerably 
clear  understanding  of  the  facts  concerning  this  disease,  which  have 
to  a  certain  degree  displaced  many  of  the  fallacies  and  superstitions 
that  have  had  a  strong  hold  upon  the  public  mind  for  many  years. 
Indeed,  it  is  still  a  widely  prevalent  belief  that  if  persons  or  animals 
are  bitten  by  a  dog  they  are  liable  to  become  rabid  if  the  dog  should 
contract  the  disease  at  any  future  time.  There  is  no  foundation  for 
this  impression,  and  it  would  be  a  great  comfort  to  many  people  who 
are  now  and  then  bitten  by  animals  if  the  fallacy  of  this  idea  were 
appreciated.  All  experience,  both  scientific  and  practical,  goes  to 
show  that  rabies  is  transmitted  only  by  animals  that  are  actually  dis- 
eased at  the  time  the  bite  is  inflicted.  Under  natural  conditions  this 
is  the  sole  method  by  which  the  disease  is  transmitted,  and  therefore 
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the  old  idea  of  spontaneous  generation  of  the  malady  is  absolutely 
fallacious.  Artificially,  it  may  be  readily  produced  by  inoculating 
susceptible  animals  with  an  emulsion  of  the  brain  or  spinal  cord  or 
with  the  saliva,  milk,  and  other  secretions  of  the  affected  animal. 
The  blood,  on  the  other  hand,  seems  to  be  free  from  the  infectious 
principle.  The  saliva  contains  the  virus  which  under  natural  con- 
ditions is  introduced  into  or  under  the  skin  on  the  tooth  of  the  rabid 
animal. 

Following  the  canine  race,  cattle  seem  to  be  the  most  frequently 
affected,  probably  because  rabid  dogs,  next  to  their  morbid  desire  to 
attack  members  of  their  own  race,  have  a  better  opportunity  to  bite 
grazing  cattle  than  any  other  species  of  animals.  The  relative  fre- 
quency of  rabies  in  these  two  species  of  animals  is  indicated  by  the 
carefully  compiled  statistics  of  the  German  Empire,  which  show  that 
660  dogs  and  78  cows  died  of  rabies  in  1901,  while  in  1902  there  were 
516  cases  in  dogs  and  77  in  cattle. 

Every  animal  or  person  bitten  does  not  necessarily  develop  the 
disease  and  the  percentage  of  fatalities  has  been  variously  estimated. 
According  to  Hogyes  the  proportion  of  persons  who  contract  the 
disease  after  being  bitten  by  rabid  dogs  and  not  treated  is  conserva- 
tively estimated  at  15  per  cent.  The  percentage  is  considerably 
higher  in  man  following  bites  by  the  wolf.  From  35  to  45  per  cent 
of  the  dogs,  40  per  cent  of  the  horses,  36  per  cent  of  the  hogs,  and 
from  25  to  30  per  cent  of  the  cattle  bitten  by  rabid  animals  contract 
the  disease,  making  a  general  average  of  about  30  per  cent.  This, 
however,  depends  on  the  location  and  size  of  the  wound,  as  well  as 
the  amount  of  hemorrhage  produced,  and  various  other  conditions. 
In  general,  the  nearer  the  bite  is  located  to  the  central  nervous  system, 
and  the  deeper  the  wound  is  inflicted,  the  greater  is  the  danger  of  a 
fatal  result.  In  cases  where  the  hemorrhage  resulting  from  the  bite 
is  profuse,  there  is  a  possibility  that  the  virus  will  be  washed  out  of 
the  wound  and  thus  obviate  the  danger  of  subsequent  appearance  of 
the  disease. 

The  virus  after  being  deposited  in  the  wound  remains  latent  for 
an  extremely  variable  period  of  time,  which  also  depends  on  the  size 
and  depth  of  the  wound  as  well  as  its  location  and  the  amount  of 
virulent  saliva  introduced.  Experiments  have  proved  that  the  virus 
follows  the  course  of  the  nerves  to  the  spinal  cord  and  along  the  latter 
to  the  brain  before  the  symptoms  appear.  Gerlach,  having  collected 
statistics  from  a  large  number  of  cases,  has  found  the  period  between 
the  bite  and  the  appearance  of  the  first  symptom  to  vary  from  14  to 
285  days.  The  great  majority  of  cases,  however,  contract  the  disease 
in  from  three  weeks  to  three  months  after  the  bite  has  been  inflicted. 
It  has  been  clearly  demonstrated  by  the  experiments  of  Roux  and^ 
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Nocard  that  the  bite  of  a  dog  is  infectious  at  least  three  days  before 
it  manifests  symptoms  of  rabies,  while  at  the  Athens  (Greece)  Pasteur 
Institute  infection  was  noted  in  the  saliva  eight  days  before  the  dog 
showed  signs  of  the  disease. 

CAUSE  OF  THE  DISEASE. 

Rabies  is  a  specific  infectious  disease  involving  the  nervous  system 
and  characterized  by  extreme  excitability  and  otlier  disorders,  prac- 
tically always  terminating  in  death.  The  contagion  of  this  disease 
has  never  been  isolated,  but  the  fact  that  the  disease  is  caused  by  a 
specific  organi.sm  principally  found  in  the  nervous  system  is  indis- 
putable. For  instance,  if  an  emulsion  of  the  brain  of  a  rabid  animal 
is  rapidly  filtered  through  a  fine  Pasteur-Chamberland  filter,  the 
filtrate  will  be  harmless.  On  the  other  hand,  if  a  similar  emulsion  is 
filtered  through  the  more  porous  Berkefeld  filter,  the  virus  will  be 
found  in  the  filtrate.  This  fact  indicates  that  the  infectious  principle 
is  not  in  solution,  but  is  an  organism  of  such  size  as  to  be  withheld 
from  the  filtrate 'by  a  veiy  fine  filter.  Further  proof  of  the  organic 
nature  of  the  virus  is  furnished  by  the  fact  that  heating  at  50°  C.  for 
one  hour  will  render  the  virulent  emulsion  inert,  while  similar  re- 
sults follow  its  exposure  to  light  for  14  hours,  to  the  usual  antiseptic 
solutions  for  a  short  period,  or  to  the  action  of  the  gastric  juice. 

This  contagion  can  be  propagated  only  in  the  body  of  an  animal, 
and  despite  numerous  attempts  to  cultivate  it  artificially  upon  various 
culture  media  only  negative  results  have  followed. 

There  is  no  doubt  that  between  rabies  and  other  well-known  in- 
fectious diseases  there  are  analogies  at  many  points,  the  most  striking 
being  the  protective  immunization  which  constitutes  the  great  work 
of  Pasteur.  Moreover,  the  disease  is  transmitted  from  one  animal  to 
another  through  a  long  series,  which  indicates  the  presence  of  a  living 
organism  capable  of  multiplication,  rather  than  a  mere  toxin  which 
would  naturally  become  greatly  diluted  and  innocuous  by  passage 
through  such  a  series.  In  addition,  the  behavior  of  the  disease  makes 
us  certain  that  it  is  caused  by  a  specific  micro-organism  which,  after 
introduction  into  the  body,  undergoes  a  period  of  incubation,  during 
which  it  multiplies  and  subsequently  produces  certain  <^''^'^'*«  -vmp- 
tons  and  lesions  which  terminate  in  death. 

Innumerable  attempts  have  been  made  to  discover  the  causative 
agent,  and  investigators  have  announced  the  finding  of  many  of  the 
lower  forms  of  animal  and  vegetable  life  as  the  pathogenic  factor. 
Among  the  recently  described  causes  certain  protozoan -like  bodies, 
found  in  1903  by  Negri  in  the  ganglionic  cells,  and  termed  Negri 
bodies,  are  of  a  very  suggestive  nature.  Negri  claims  that  these 
bodies  are  not  only  specific  for  rabies  but  that  they  are  protozoa  and 
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the  cause  of  the  disease.  His  work  has  been  corroborated  by  investi- 
gators in  all  parts  of  the  scientific  world.  An  examination  of  the 
vitality  of  Negri  bodies  will  show  a  striking  resemblance  to  the 
vitality  of  an  emulsion  of  the  virulent  tissue.  Thus,  Negri  bodies 
have  been  found  to  be  quite  resistant  to  external  agencies,  such  as 
putrefaction,  drying,  etc.,  and  are  about  the- last  portion  of  the  nerve 
cell  to  survive  the  advance  of  decomposition.  They  are  also  found  in 
over  96  per  cent  of  the  cases  of  rabies  examined,  but  have  not  been 
proved  to  exist  in  other  diseases. 

Valenti  states,  as  his  strongest  evidence  of  the  protozoan  nature  of 
the  bodies,  that  the  virus  of  rabies  is  neutralized  in  test  tubes  by 
quinin,  while  no  other  alkaloid  has  this  property.  As  a  result  of  the 
work  performed  in  the  New  York  City  board  of  health  laboratory, 
Park  claims  that  Negri  bodies  are  found  in  animals  before  the  begin- 
ning of  visible  symptoms,  and  evidence  is  given  that  they  may  be 
found  early  enough  to  acount  for  the  infectiousness  of  the  central 
nervous  system.  These  bodies  are  now  almost  universally  considered 
as  diagnostic  of  rabies,  and  in  the  pathological  laboratory  of  the 
Bureau  of  Animal  Industry  their  detection  in  the  nerve  cells  of  the 
brain  suffices  for  a  diagnosis  of  rabies  without  animal  inoculations. 
In  case  these  granular  bodies  are  not  found  in  a  suspected  animal,  the 
plexiform  ganglion  is  next  examined,  and  should  negative  results  still 
be  obtained  the  inoculation  of  rabbits  is  then  made  as  a  last  resort. 
It  is  indeed  rare  that  positive  results  are  obtained  from  the  latter 
method  after  the  first  two  methods  have  been  negative,  but  it  has 
occurred  occasionally  in  cases  where  the  animal  had  been  killed  in 
the  early  stages  of  the  disease. 

SYMPTOMS. 

The  symptoms  of  rabies  are  quite  characteristic,  and  may  be  di- 
vided into  two  types — (1)  the  furious,  violent,  or  irritable,  and  (2) 
the  dumb  or  paralytic.  They  vary  somewhat  in  each  species,  but 
as  the  disease  in  the  dog  is  the  most  important,  it  will  receive 
principal  attention  at  this  time. 

FURIOUS  RABIES  IN  THE  DOG. 

Following  the  period  of  incubation  of  the  disease,  which  is  usually 
between  three  weeks  and  three  months,  there  is  first  noticed  in  the 
furious  form  of  rabies  a  marked  change  in  the  disposition  of  the 
animal,  which  should  at  once  arouse  suspicion.  An  affectionate  dog 
may  become  morose  and  depressed,  while  a  snapping,  treacherous 
animal  may  become  cowardly  or  affectionate.  This  is  known  as  the 
stage  of  development,  and  in  one  or  two  days  is  followed  by  an 
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irresistible  tendency  to  roam.  If  prevented  the  dog  will  fight. or 
bite  at  the  restraint  or  at  anything  that  interferes  with  his  freedom. 
This  roving  may  occur  for  one  to  three  days,  during  which  he  travels 
aimlessly  in  a  nervous  and  irritable  condition.  His  instinctive 
methods  of  defense  are  nearly  always  highly  developed  or  exag- 
gerated, but  he  seldom  willfully  attacks  persons  or  other  animals 
without  provocation.  WTien  he  returns,  if  not  destroyed  in  the 
meanwhile,  he  shows  from  his  exhausted,  dirty,  sheepish,  or  de- 
pressed appearance  evidences  of  wandering.  Having  returned  home, 
he  frequently  seeks  secluded  places  such  as  are  found  under  the 
house  or  porch. 

During  this  period  of  roving  he  exhibits  a  disposition  to  eat  or 
chew  indigestible  objects,  as  rags,  leather,  straw,  feathers,  sticks,  and 
even  pieces  of  coal,  which  are  often  swallowed.  The  secretion  of 
saliva  in  some  cases  appears  to  be  excessive,  owing  to  the  inability 
to  swallow,  and  it  sometimes  becomes  frothy  from  the  champing  of 
the  jaws.  However,  foaming  at  the  mouth  is  not  a  constant  symp- 
tom of  rabies,  as  is  commonly  believed  by  the  layman ;  and  further- 
more, it  is  frequently  misleading  owing  to  the  fact  that  it  may  be 
observed  in  other  diseases.  The  erroneous  opinion  among  the  laity 
that  dogs  suffering  with  this  disease  are  afraid  of  water  is  also 
misleading,  since  such  dogs  have  been  known  to  swim  streams  in 
their  roamings.  On  the  other  hand,  they  appear  to  be  afraid  of 
nothing,  as  is  evidenced  by  attacking  all  animals  regardless  of  size. 

A  change  in  the  voice  of  the  animal  is  peculiar  to  this  affection, 
and  is  due  to  the  beginning  paralysis  of  the  throat,  which  usually 
sets  in  earh\  Instead  of  the  normal  bark  the  affected  dog  makes  a 
long,  resonant,  peculiarly  draw^n-out  bark  which  has  been  likened  to 
the  yelp  of  a  coyote.  Later,  as  the  paralysis  gradually  extends, 
barking  and  swallowing  become  impossible,  although  attempts  may 
be  made  to  swallow.  At  this  stage  the  muscles  of  the  jaw  become 
paralyzed,  causing  the  lower  jaw  to  drop  and  the  tongue  to  hang 
out,  which  makes  it  collect  dirt  and  appear  dry  and  darker  in 
color.  Owing  to  this  latter  symptom  the  disease  has  been  termed 
"  black  tongue "  in  certain  sections.  Upon  closer  observation  the 
pupil  of  the  eye  is  frequently  found  to  be  dilated.  The  paralysis 
continues  to  extend,  the  hind  legs  become  involved,  and  the  dumb 
form  of  the  disease  results.  Finally  death  follows  in  from  four  to 
eight  days  after  the  development  of  the  first  symptoms. 

DUMB   BABIES  IN   THE  DOG. 

The  dumb  or  paralytic  form  of  rabies  is  much  more  infrequent 
than  the  furious  type,  and  is  characterized  by  the  early  appearance 
of  paralysis  without  symptoms  of  frenzy  or  irritability  which  are 
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observed  in  the  early  stages  of  the  furious  form.  Therefore  the 
animal  affected  with  this  type  of  the  disease  is  not  capable  of  doing 
much  damage.  Indeed  the  dog  is  much  depressed  from  the  begin- 
ning and  seeks  quiet  spots  or  hides  in  some  secluded  place.  Probably 
the  first  symptom  noted  by  the  owner  is  the  paralysis  of  the  lower 
jaw,  as  a  result  of  which  the  animal  is  often  suspected  of  having  a 
"  bone  in  its  throat."  The  paralysis  quickly  progresses  until  it 
involves  the  legs  and  trunk  and  results  in  death  in  from  one  to 
three  days. 

RABIES  IN  CATTLE. 

In  cattle  both  furious  and  dumb  rabies  are  met  with  as  in  dogs, 
the  former  being  the  more  common.  However,  a  sharp  line  of  dis- 
tinction can  not  always  be  drawn  between  these  two  forms  of  the 
disease,  as  the  furious  type  usually  merges  into  the  dumb,  due  to  the 
paralysis  which  always  appears  prior  to  death.  The  typical  cases 
of  dumb  rabies  are  those  where  the  paralysis  occurs  at  the  beginning 
of  the  attack  and  remains  until  the  death  of  the  animal.  The  disease 
first  manifests  itself  by  loss  of  appetite,  stopping  of  the  secretion 
of  milk,  great  restlessness,  anxiety,  manifestation  of  fear,  and  change 
in  the  disposition  of  the  animal.  This  preliminary  stage  is  followed 
in  a  day  or  two  by  the  stage  of  excitation  or  ma^dness,  which  is  indi- 
cated by  increasing  restlessness,  loud  bellowing  with  a  peculiar  change 
in  the  sound  of  the  voice,  violent  butting  with  the  horns  and  pawing 
the  ground  with  the  feet,  with  an  insane  tendency  to  attack  other 
animals,  although  the  desire  to  bite  is  not  so  marked  in  cattle  as  in 
the  canine  race.  About  the  fourth  day  the  animal  usually  becomes 
quieter  and  the  walk  is  stiff,  unsteady,  and  swaying,  showing  that 
the  final  paralysis  is  coming  on.  Loss  of  flesh  is  extremely  rapid, 
and  even  during  the  short  course  of  the  disease  the  animal  becomes 
exceedingly  emaciated.  The  temperature  is  never  elevated,  but 
usually  remains  about  normal  or  even  subnormal.  Finally  there  is 
complete  paralysis  of  the  hind  quarters,  the  animal  being  unable  to 
rise,  and,  but  for  irregular  convulsive  movements,  lies  in  a  comatose 
condition  and  dies  usually  in  from  four  to  six  days  after  the  appear- 
ance of  the  first  symptoms. 

RABIES  IN  CATS. 

When  the  disease  attacks  cats,  these  animals  generally  hide  them- 
selves under  the  furniture  or  in  some  dark  hidden  corner,  and  there 
they  may  die  unobserved  in  the  course  of  a  day  or  two.  As  a  rule, 
however,  the  disease  implies  danger  for  human  beings.  The  rabid 
cat  becomes  very  bellicose ;  from  the  dark  corner  where  it  has  hidden 
itself  it  will  suddenly  attack  animals  or  persons,  and  especially  when 
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children  are  involved  it  will  jump  irp  to  the  face  and  inflict  severe 
wounds  with  its  teeth  and  claws.  In  the  violon'*^  ^f  this  attack  it 
frequently  bites  itself.  The  rabid  cat  lo^.^^s•its  vriice',  being  able  only 
to  mew  hoarsely.  Later  it  loses  its  appetite,  has  difficulty  in  swal- 
lowing, becomes  emaciated,  add  •succumbs  within  several  days  with 
symptoms  of  paralysis. 

Horses,  sheep,  goats,  hogs,  chickens,  and  animals  of  prey  such  as 
wolves,  foxes,  badgers,  and  martens  also  contract  rabios  when  bitten 
bv  rabid  animnl^.  and  hi'liavc  quite  similarly  to  ral^id  dogs,  cattle, 
and  cats. 

POST-MORTEM  APPEARANCES. 

In  rabies  there  are  no  constant  or  definite  lesions  observed  on  post- 
mortem examination  of  the  carcass.  In  fact,  the  alterations  are 
slight,  variable,  and  almost  absent  at  times,  so  that  unless  there  is  a 
good  history  or  characteristic  symptoms  a  positive  diagnosis  can  not 
be  made  without  recourse  to  microscopic  examination  or  animal 
inoculations  of  the  brain  of  the  suspected  animal.  The  most  sug- 
gestive indication  of  rabies  is  the  presence  in  the  stomach  of  unusual 
bodies  such  as  stones,  wood,  earth,  cloth,  iron,  feathers,  etc.  Fre- 
quently the  stomach  is  empty  of  food,  but  distended  with  material 
of  this  character.  Its  mucous  membrane  is  frequently  injected,  and 
at  times  a  marked  reddening  of  the  folds  of  the  stomach,  with  or 
without  erosions,  is  noticed.  There  may  also  be  an  inflammation  of 
the  covering  of  the  brain  and  cord  as  well  as  of  the  mucous  lining  of 
the  mouth,  throat,  and  respiratory^  tract.  The  feet  of  rabid  dogs 
may  present  sores  and  bruises,  denoting  extensive  travel  which  had 
been  accomplished  during  the  period  of  roving.  The  heart  and  peri- 
cardium are  often  inflamed,  but  these  and  similar  lesions  are  more 
frequently  due  to  the  condition  of  the  animal  before  dying  than  to 
any  specific  alteration.    The  carcass  rapidly  undergoes  decomposition. 

TRANSMISSION  OF  THE  DISEASE  BY  MILK  AND  MEAT. 

AMiile  the  virus  of  rabies  is  most  frequently  found  in  the  central 
nervous  system  and  the  salivary  glands,  it  may  also  be  found  in 
other  glands  and  secretions,  including  the  mammary  glands  and 
the  milk.  That  rabies  may  at  times  be  excreted  with  the  milk  has 
been  proved  by  Nocard,  Perroncito,  Bardach,  and  the  writer.  In 
these  latter  experiments  the  milk  of  a  rabid  bitch  having  a  litter  of 
puppies  was  inoculated  intramuscularly  into  rabbits  and  guinea  pigs, 
and  produced  typical  rabies;  but  the  puppies,  removed  from  the 
mother  when  the  first  symptoms  developed,  were  kept  under  observa- 
tion for  18  months  without  developing  the  disease.  The  reason 
for  these  negative  results  in  the  puppies  may  be  explained  (1)  by  not 
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having  been  bitten  by,  rhe  mother  before  she  was  removed,  and  (2)  the 
absence  of  any  abrasion  in  the  alimentary  tract  through  which  the 
virus  could  have  entG5"ed^the  circulation..  " 

It  is  a  generally  accepted  fact  that  rabies  can  not  be  transmitted  to 
normal  animals  through  food  containing -the  virus  of  the  disease 
unless  lesions  are  present  in  the  alimentary  canal ;  but  the  conclusion 
that  there  is  no  danger  to  the  consumer  from  the  meat  or  milk  of 
animals  that  are  rabid  is  not  tenable,  since  abrasions  of  the  lips, 
mouth,  and  pharynx  are  all  too  frequent  to  permit  of  such  risks. 
These  products  must  therefore  be  considered  as  dangerous  to  health. 

One  case  is  on  record  where  a  baby  in  Cuba  developed  rabies  from 
nursing  its  mother  while  the  latter  was  in  the  early  stages  of  hydro- 
phobia. In  this  case,  however,  the  virus  in  the  milk  may  have 
entered  the  circulation  through  abrasions  of  the  gums  during  teeth- 
ing. Similar  cases  have  been  reported  in  veterinary  practice  where 
the  virus  of  rabies  was  observed  to  have  been  passed  to  the  offspring 
through  the  mother's  milk,  but  in  these  cases  it  is  impossible  to 
eliminate  an  obscure  bite  from  the  bitch  or  lesions  of  the  gums  dur- 
ing this  early  age.  TATiile  it  is  not  probable  that  cattle  would  be 
milked  after  the  symptoms  of  rabies  developed,  it  is  nevertheless 
important  to  realize  the  danger  of  using  such  milk  and  the  necessity 
for  preventing  calves  from  sucking  such  diseased  cows. 

All  attempts  to  convey  the  disease  to  healthy  dogs  by  feeding  them 
upon  meat  from  infected  animals  have  given  negative  results.^ 
Nevertheless  the  meat  of  rabid  animals  must  be  considered  as  unfit 
for  food,  and  the  meat-inspection  regulations  enforced  by  the  various 
countries  having  such  inspection  provide  for  the  total  condemnation 
of  the  carcasses  of  these  animals. 

Infection  has  occurred  in  man  from  making  autopsies  on  rabid 
dogs,  and  it  is  likewise  possible  to  result  if  inoculation  occurs  while 
handling  the  meat  of  rabid  cattle,  hogs,  or  sheep.  Ostertag  reports 
the  case  of  a  veterinary  student  at  Copenhagen  who  infected  a  wound 
on  his  finger  while  making  an  autopsy  on  a  dog  dead  of  rabies  and 
died  of  the  disease.  Another  somewhat  similar  case  occurred  in  a 
veterinary  student  at  Dresden  in  consequence  of  an  injury  received 
while  holding  a  post-mortem  on  a  rabid  dog. 

Wyrsykowski,  in  an  attempt  to  discover  the  reason  for  the  fact  that 
no  illness  followed  the  eating  of  the  meat  and  even  the  brain  of  rabid 
animals,  tested  the  action  of  the  gastric  juice  upon  infectious  material 
in  vitro.  Twenty-one  rabbits  were  inoculated  with  this  artificially 
digested  virus,  but  not  one  animal  contracted  the  disease,  while  all  the 

1  Claudio  Fermi  has  recently  produced  rabies  in  rats  and  mice  by  feeding  ttiem  rabietic 
material  with  their  food.  About  60  per  cent  of  the  70  animals  so  fed  died  of  paralytic 
rabies. 
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17  check  rabbits  which  were  inoculated  with  undigested  rabies  virus 
developed  the  disease  and  died.  It  is  evident,  therefore,  that  the 
gjistric  juice  has  a  pronounced  deleterious  elTect  u|K>n  the  virus  of 
rabies. 

DIFFERENTIAI  DIAGNOSIS. 

The  present  advoiates  of  the  assumption  that  rabich  is  a  tli.^ase  of 
the  imagination  should  be  better  fortified  in  both  their  facts  and  their 
theory.  Little  children  certainly  do  not  die  after  a  dog  bite  from  the 
effects  on  the  imagination,  nor  do  horses,  cattle,  sheep,  hogs,  dogs, 
rabbits,  and  monkeys  die  from  an  imaginary  disease.  It  must  be 
more  than  a  mere  coincidence  that  ever  since  the  recognition  of  this 
disease  in  the  days  of  Aristotle  this  peculiar  mode  of  death  has 
occurred  only  after  infection  by  a  rabid  animal.  The  daily  news- 
papers may  add  to  the  sensational  details  of  these  occurrences,  but 
there  is  no  doubt  of  the  real  danger  involved. 

Anyone  who  has  seen  the  suffering  of  one  human  l>eing  affected 
with  this  fatal  disease  will  readily  concede  that  no  amount  of  incon- 
venience C4iused  animals  by  muzzling  or  other  protective  arrange- 
ment can  ever  be  considered  too  much  to  prevent  such  suffering,  nor 
should  it  prove  difficult  to  differentiate  between  hydrophobia  and 
the  pseudo  form,  which  has  been  termed  lyssophobia,  if  all  the  cases 
of  these  diseases  were  as  typical  as  the  two  which  were  brought  to 
the  writer's  attention. 

Through  the  courtesy  of  Dr.  William  C.  Woodward,  health  officer 
of  the  District  of  Columbia,  I  was  invited  to  visit  Freedmen's  Hos- 
pital for  the  purpose  of  seeing  a  patient  whose  case  had  been  diag- 
nosed b}^  the  resident  surgeon  as  suspect/cd  hydrophobia.  The  woman, 
28  years  of  age,  had  been  fiercely  attacked  and  severely  bitten  on  the 
right  forearm  and  about  the  face  by  a  stray  collie  dog.  Eighteen 
days  later  she  complained  of  a  general  malaise  and  pains  in  the  cica- 
trized wounds  of  the  head,  which  rapidly  grew  more  severe,  necessi- 
tating the  services  of  a  physician,  upon  whose  advice  the  patient  was 
removed  to  the  hospital  on  the  following  day.  My  visit  occurred  on 
the  afternoon  of  the  succeeding  day,  at  which  time  the  patient  was 
found  in  an  extremely  nervous  condition,  having  an  excessive  feel- 
ing of  fear  and  uneasiness.  The  eyes  were  staring  and  a  general 
expression  of  anxiety  i:)ervaded  her  countenance.  Her  mind  was 
clear,  and  no  efforts  at  violence  were  made.  When  interviewed  as  to 
the  scars  on  her  head  and  forearm  she  lightly  replied,  "Oh,  ' 
bit  me  there  some  weeks  ago,  but  they  are  all  right  now." 

From  time  to  time  reflex  spasms  involving  the  muscles  of  deglu- 
tition were  noticed,  causing  a  clutching  at  the  throat  and  difficult 
breathing  during  the  attack.  These  rapidly  became  more  general- 
ized and  soon  involved  the  respiratory  muscles,  causing  dyspnea. 
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Attempts  at  vomiting  would  then  occur,  but  no  evacuations  followed. 
Contrary  to  the  views  of  our  skeptical  friends,  the  patient  accredited 
these  symptoms  to  indigestion,  and  had  not  the  slightest  suspicion  of 
the  true  nature  of  her  condition,  thus  disproving  the  idea  that  the 
nervousness  and  fear  usually  seen  in  the  early  stages  of  rabies  in 
the  human  subject  are  due  to  the  natural  dread  of  the  disease  and 
apprehension  of  the  consequences  rather  than  to  organic  changes  in 
the  central  nervous  system.  During  the  night  these  symptoms  be- 
came more  aggravated  and  spasms  followed  one  another  more  rapidly, 
causing  grave  delirium.  The  patient  finally  became  violent,  requir- 
ing the  adoption  of  forcible  measures  to  keep  her  under  control. 
Death  occurred  on  the  following  morning,  21  days  after  the  bites  had 
been  inflicted.  On  post-mortem  examination  no  pathological  lesions 
were  found  which  could  be  held  accountable  for  the  symptoms  which 
resulted  in  death,  but  histological  examinations  of  the  plexiform 
ganglia  and  the  medulla,  as  well  as  the  inoculation  of  rabbits,  both 
subdurally  and  intramuscularly,  with  an  emulsion  of  the  brain,  re- 
sulted in  the  confirmation  of  the  diagnosis  of  hydrophobia. 

That  the  appearance  of  a  disease  like  rabies  in  a  community  seems 
peculiarly  and  in  an  extraordinary  degree  to  be  associated  with  an 
atmosphere  of  hysterical  simulation  and  to  inspire  states  of  auto- 
suggestion must  be  admitted.  One  case  of  this  character  recently 
came  to  my  attention  through  the  kindness  of  a  local  physician  which 
is  in  direct  contrast  to  the  instance  cited  above. 

A  young  man,  24  years  of  age,  employed  as  a  clerk  in  a  dry  goods 
store,  was  bitten  on  a  Saturday  morning  by  a  watchdog  belonging 
to  the  proprietor.  The  bite,  which  was  slight,  had  been  immediately 
cauterized,  and  no  further  attention  was  given  to  the  incident  until 
Wednesday  morning,  when  the  young  man  fainted  at  the  counter. 
Upon  reviving  he  stated  that  he  had  been  reading  about  rabies  and 
the  ^symptoms  which  would  develop  in  man  from  the  bite  of  a  rabid 
dog,  and  insisted  that  he  was  developing  hydrophobia  as  a  result  of 
having  been  bitten  by  the  watchdog.  He  was  immediately  sent  to 
his  home  and  the  dog  brought  to  the  bureau  to  be  kept  under  obser- 
vation. Two  days  later  the  young  man  was  in  a  very  hysterical  state 
and  kept  insisting  that  the  dog  that  bit  him  was  rabid.  During  this 
time  the  patient  had  been  in  bed,  and  seemed  to  have  had  marked 
paroxysms.  He  would  roll  himself  over  and  over  in  bed,  snarling, 
growling,  and  snapping  at  the  bed  clothes.  He  would  catch  the  pil- 
low or  sheet  with  his  teeth  and  shake  it  like  a  terrier  shaking  a  rat, 
and  in  numerous  other  ways  would  show  more  imitative  accuracy  than 
in  the  genuine  disease.  At  first  it  was  impossible  to  attract  his  atten- 
tion, although  he  would  mutter  and  talk  to  himself.  When  he  was 
informed  that  the  dog  that  bit  him  did  not  have  rabies,  that  it  was 
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alive  and  well,  aiid  that  even  if  it  did  develop  rabies  several  weeks 
later  it  would  have  no  beiirin^  on  his  case,  as  tiio  saliva  would  not  be 
virulent  such  a  long  period  hofore  the  developnioiit  of  the  symptoms 
in  the  dog,  and  furthermore  that  he  had  developed  symptoms  entirely 
too  soon  after  the  bite  hud  l)cen  inflictwl,  as  a  longer  period  of  incuba- 
tion had  t-o  intervene  for  the  virus  to  multiply  and  produce  its  effects, 
ho  commenced  to  realize  that  he  had  been  making  himself  a  victim  of 
autosuggestion,  and  rapid  recovery  followed. 

Here  was  a  typical  case  of  lyssophobia  or  pseudo-rabies,  a  figment 
of  an  overworked  imagination,  and,  as  in  all  cases  of  this  class,  re- 
coven'  took  place  instead  of  death,  which  is  always  the  termination 
of  the  true  disease. 

It  has  been  stated  by  certain  physicians  that  tetanus  (lockjaw)  is 
undoubtedly  the  true  cause  of  death  in  the  majority  of  instances  where 
rabies  has  been  diagnosed.  It  is  not  my  purpose  to  give  a  differential 
diagnosis  between  these  two  diseases  in  man,  but  there  is  such  a 
niarke-d  difference  between  a  horse  affected  with  tetanus  and  one  with 
rabies,  or  a  cow  affected  with  tetanus  and  one  with  rabias,  or  a  dog 
affected  with  tetanus  and  one  with  rabies,  that  a  few  brief  words  on 
differential  characteristics  will  be  given. 

Tetanus  may  be  readily  differentiated  from  rabies  by  the  per- 
sistence of  muscular  cramps,  especially  of  the  neck  and  abdomen, 
which  cause  these  muscles  to  become  set  and  hard  as  wood.  In 
tetanus  there  is  also  an  absence  of  a  depraved  appetite  or  of  a  will- 
ful propensity  to  hurt  other  animals  or  damage  the  surroundings. 
The  general  muscular  contraction  gives  the  animal  a  rigid  appear- 
ance, and  there  is  an  absence  of  paralysis  which  marks  the  advanced 
stage  of  rabies.  The  dumb  form  of  rabies  in  dogs  is  characterized 
by  a  paralysis  and  pendency  of  the  lower  jaw,  while  in  tetanus  the 
jaws  are  locked.  This  locking  of  the  jaws  in  hoi-ses  is  very  charac- 
teristic, and  in  cattle  or  dogs  it  renders  the  animals  incapable  of  bel- 
lowing or  barking  as  in  rabies.  Finally,  tetanus  may  be  distinguished 
from  rabies  by  the  fact  that  the  central  nervous  system  does  not  con- 
tain the  infectious  principle,  while  in  rabies  the  inoculation  of  test 
animals  with  the  brain  or  cord  of  a  rabid  animal  will  produce  the 
disease  with  characteristic  symptoms  after  an  interval  of  15  to  20 
days.  This  period  of  incubation  is  much  longer  than  in  tetanus, 
since  the  inoculation  of  rabbits  with  tetanus  bacilli  invariab^"  '"  ■•H'^ 
in  death  after  a  short  period,  usually  within  3  or  4  days. 

DISTRIBUTION  AND  PREVALENCE. 

There  is  no  intention  of  assuming  the  part  of  an  alarmist  with 
reference  to  the  increasing  prevalence  of  rabies.  It  can  not  be  denied, 
however,  that  there  is  at  present  unusual  occasion  for  alarm  in  certain 
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parts  of  this  country.  It  may  be  true  that  many  newspaper  stories 
have  been  exaggerated  or  are  entirely  false,  but  it  is  not  true  that 
all  are  fabrications.  This  is  shown  by  a  number  of  cases  traced  by 
the  writer  where  the  diagnosis  had  been  made  m  reputable  labora- 
tories by  recognized  scientists.  Kerr  and  Stimson  in  their  investi- 
gation of  the  prevalence  of  rabies  used  a  number  of  press  clippings, 
and  in  no  instance  did  a  press  report  lack  official  confirmation,  which 
is  quite  contrary  to  the  general  opinion  on  this  subject. 

IN  THE  UNITED  STATES. 

In  looking  over  the  proceedings  of  the  American  Veterinary 
Medical  Association  for  the  past  12  years,  it  was  observed  that  rabies 
is  reported  as  existing  in  a  number  of  States  each  year,  although 
there  has  been  no  special  endeavor  on  the  part  of  the  resident  State 
secretaries  to  ascertain  the  extent  of  this  particular  disease  in  their 
sections.  In  1897  the  disease  was  reported  in  4  States,  in  1898  in 
5  States,  while  in  1899  the  statement  of  Huidekoper  was  cited  by 
Parker  to  the  effect  that  the  disease  was  not  west  of  the  Rockies  and 
was  rare  in  the  United  States  except  in  Pennsylvania  and  Massa- 
chusetts. However,  in  the  1900  report  we  find  that  the  disease  had 
appeared  in  Montana,  Wyoming,  and  Colorado,  in  addition  to  cer- 
tain Eastern  and  Central  Western  States.  It  is  evident  from  the 
succeeding  reports  that  the  disease  was  becoming  more  widespread, 
and  at  the  meeting  of  the  American  Veterinary  Medical  Association 
in  Philadelphia  in  1908,  of  the  20  resident  State  secretaries  who 
reported,  13  incidentally  mentioned  the  existence  of  rabies  in  their 
States,  and  in  Alabama,  Connecticut,  the  District  of  Columbia, 
Minnesota,  Mississippi,  and  Ohio  the  disease  seemed  to  be  on  the 
increase.  As  there  was  no  apparent  reason  for  mentioning  the  pres- 
ence or  absence  of  this  disease,  the  failure  of  the  reports  from  the 
remaining  7  States  to  refer  to  rabies  should  not  be  considered  as 
indicative  of  its  absence.  In  fact,  the  writer  has  corresponded  with 
officials  in  these  7  States,  and  replies  have  been  received  from  5  of 
them  to  the  effect  that  rabies  had  prevailed  in  their  localities  during 
1908,  thus  showing  that  the  disease  existed  in  18  of  the  20  States 
mentioned  in  the  1908  report.  We  have  gone  even  further  in  our 
correspondence  and  have  endeavored  to  find  out  if  there  is  any 
State  or  Territory  in  the  United  States  where  rabies  is  unknown. 
From  the  information  at  the  writer's  disposal  it  would  appear  that 
the  disease  occurs  in  almost  every  State  in  the  Union,  and  the  only 
places  where  it  has  been  impossible  to  obtain  positive  information 
are  Idaho,  Utah,  Nevada,  and  Oregon,^  while  in  the  State  of  Wash- 

1  Rabies  has  been  reported  in  Oregon  by  Pernot  since  this  paper  was  written. 
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ington  there  has  been  but  one  outbreak,  which  was  quickly  sup- 
pressed 7  years  ago.  It  would  be  entirely  impracticable  without 
registration  laws  to  ascertain  the  extent  of  the  disease  among  ani- 
mals in  the  various  infected  sections,  but  the  disease  appears  at 
times  in  certain  centers  with  all  the  vigor  of  an  enzootic,  and  such 
outbreaks  have  occurred  recently  in  Jacksonville,  Fla.;  El  Paso,  Tex.; 
Norfolk,  Va. ;  Kansas  City,  Mo.;  Boston,  Mass.;  Chicago,  111.;  Bal- 
timore, Md. ;  Washington,  D.  C. ;  Cleveland,  Ohio;  Pasadena  and 
Los  Angeles,  Cal.;  and  certain  sections  of  New  York,  Pennsylvania, 
Minnesota,  Ohio,  Missouri,  and  Michigan.  Not  only  is  there  a 
gradual  increase  in  the  number  of  outbreaks  of  rabies,  but  many  new 
centers  which  appear  to  be  more  or  less  permanent  are  being  estab- 
lished from  year  to  year.  The  fiscal  year  1009  is  the  first  year  when 
over  100  cases  of  rabies  have  been  diagnosed  in  the  Pathological 
Division  of  the  Bureau  of  Animal  Industry,  and  of  the  positive 
cases,  79  came  from  the  District  of  Columbia  and  33  were  divided 
among  Virginia,  Maryland,  West  Virginia,  and  South  Carolina. 

The  following  table,  prepared  by  Kerr  and  Stimson,  of  the  United 
States  Public  Health  and  Marine-Hospital  Service,  gives  a  partial 
list  of  the  number  of  laboratory  diagnoses  of  rabies  found  in  1908 
at  the  various  institutions  interested  in  the  investigation  of  this  dis- 
ease. They  call  attention  to  the  fact  that  these  figures  represent  in 
many  instances  only  a  small  proportion  of  the  actual  number  of  aises 
of  rabie^s  occurring  in  the  various  States.  For  example,  while  only 
47  cases  of  rabies  have  been  actually  demonstrated  in  Wisconsin,  the 
State  veterinarian  estimates  that  584  animals  died  of  this  disease 
during  1908. 

Positive  findings  of  rabies  in  animuls,  1908. 


Dlagnoela  made  by- 

Number. 

Delaware  State  Board  of  Health  laboratory 

7 

Connecticut  State  Board  of  Health  laboratory,  .r.. 

14 

Flnriii  Strife  Board  of  nenlth  Inboratory 

1                                                                    Tnd... 

20 

12 

75 

74 

135 

I                                                  rinstltute 

fHealth 

101 

7 

Jth                       

13 

60 

21 

2 

47 

18S 

^'                                    -  d 

I                                                itholoirieal  Dlvlaion,  Washington,  D.  C. 

r                                               east  side 

I                                               sanitary  board 

15 
121 

49 
103 

C                                              ixfratorleB 

\                                             rlimond.. 

1                                       rown  Univeraity,  Providence,  R.  I . . 

32 
3» 
32 

1,167 
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In  a  letter  from  former  State  Veterinarian  Langley  he  states  that 
Texas  probably  has  more  rabies  than  any  other  State  in  the  Union. 
Several  years  ago  President  Frank  Wells,  of  the  Michigan  State 
Board  of  Health,  made  rabies  largely  the  subject  of  his  annual  ad- 
dress and  declared  it  was  epidemic  in  Michigan.  Vaughan,  who  re- 
ported as  a  special  committee  on  rabies,  intimated  that  it  had  grad- 
ually spread  from  New  York,  where  it  had  prevailed  for  a  number  of 
years  previously,  into  Ohio  and  thence  to  Michigan,  having  been  dif- 
fused throughout  the  Lower  Peninsula  of  Michigan.  In  fact,  the 
disease  became  so  widespread  and  so  many  people  were  bitten  that  the 
State  appropriated  funds  for  the  establishment  of  a  Pasteur  institute 
in  connection  with  the  medical  department  of  the  University  of  Michi- 
gan. A  Pasteur  institute  was  likewise  established  in  April,  1908,  in 
Washington,  D.  C.,  in  connection  with  the  Hygienic  Laboratory  of  the 
United  States  Public  Health  and  Marine-Hospital  Service,  owing  to 
the  continued  outbreak  of  rabies  in  that  vicinity  and  the  large  number 
of  people  bitten  by  rabid  animals,  139  persons  having  been  treated 
since  its  establishment.  In  addition,  there  are  18  other  Pasteur  insti- 
tutes in  the  United  States,  located  at  Atlanta,  Ga. ;  Austin,  Tex.; 
Baltimore,  Md. ;  Chicago,  111.;  Iowa  City,  Iowa;  Jacksonville,  Fla. ; 
Minneapolis,  Minn.;  Montgomery,  Ala.;  Newark,  Del.;  New  Or- 
leans, La. ;  Pittsburg,  Pa. ;  Raleigh,  N.  C. ;  Richmond,  Va. ;  St.  Louis, 
Mo. ;  two  in  Indianapolis,  Ind. ;  and  two  in  New  York  City. 

As  an  indication  of  both  the  distribution  and  the  prevalence  of 
rabies  among  animals  may  be  considered  the  number  of  persons  who 
have  been  treated  at  these  institutes.  The  directors  of  these  Pasteur 
institutes  have  been  requested  to  furnish  this  information,  and  the 
majority  have  responded.  From  these  reports  it  is  evident  that 
several  thousand  people  have  been  subjected  to  the  Pasteur  treatment 
recentl}',  and  hundreds  (nearly  1,500  persons  in  1908)  receive  the 
treatment  every  year  as  a  result  of  bites  inflicted  by  rabid  animals. 
At  the  Pittsburg  institute  1,022  persoijs  from  Canada,  Ohio,  Pennsyl- 
vania, New  York,  West  Virginia,  and  Colorado  have  received  treat- 
ment, as  follows: 

From  December,  1900,  to  September,  1902,  76  cases. 
From  October,  1902,  to  October,  1904,  143  cases. 
From  October,  1904,  to  October,  1906,  185  cases. 
From  October,  1906,  to  October,  1908,  368  cases. 
From  October,  1908,  to  June,  1909,  250  cases. 

The  Texas  institute,  under  State  control,  has  been  established  less 
than  5  years,  but  the  number  of  persons  who  have  applied  for 
treatment  has  gradually  increased  from  81  in  1905  to  254  in  1906,  310 
in  1907,  and  353  in  1908,  these  patients  coming  from  7  Southwestern 
States  and  old  Mexico. 
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At  the  St.  Louis  institute  3S1  ikm-soiis  have  lxH»n  treated,  coming 
from  11  Southern  and  Central  Western  States  and  from  Mexico. 

Since  1890  the  Chicago  institute  has  treated  3,010  people,  coming 
from  30  different  States  of  the  ITnion. 

At  the  New  York  institute  (Rambaud's)  1,367  cases  were  treated 
between  1800  and  1000,  237  cases  in  1000  and  1001,  and  486  cases 
from  ()ctol)er,  1004,  to  October,  1006. 

Brawner,  of  the  Georgia  institute,  has  treated  670  patients  since 
1900,  wuth  only  2  deaths.  During  this  time  all  the  people  in  Georgia 
bitten  by  rabid  animals  so  far  as  could  1k»  learned,  and  who  did  not 
take  the  treatment,  were  recorded,  and  of  the  120  bitten  without  sub- 
sequent treatment  20  have  died.  Rabies  is  said  to  be  very  much  on 
the  increase  in  that  section,  and  it  is  not  uncommon  for  farmers  to 
lose  many  horses,  cows,  and  hogs  from  the  disease. 

At  the  Baltimore  institute  1,002  cases  have  l:>een  treated,  334  of 
which  came  from  Maryland,  117  from  North  Carolina,  102  from  Penn- 
sylvania, 104  from  Virginia,  112  from  West  Virginia,  57  frofn  flio 
District  of  Columbia,  and  the  remi^inder  from  13  other  States. 

Since  1001  the  Richmond  institute  has  treated  208  cases,  coming 
from  Virginia,  North  and  South  Carolina,  and  West  Virginia. 

As  a  further  indication  of  the  number  of  persons  bitten  but  who 
did  not  take  the  Pasteur  treatment  are  the  census  reports  showing 
the  mortality  statistics  from  rabies.  In  the  census  of  1000,  when  only 
about  40  per  cent  of  the  population  resided  in  districts  where  registra- 
tion was  observed,  123  deaths  from  rabies  distributed  in  20  States 
were  reported.  That  this  number  was  entirely  too  low  was  shown  by 
Salmon  in  1000,  who  corresponded  with  a  number  of  health  officers 
within  and  without  the  registration  districts  and  collected  230  authen- 
tic cases  of  hydrophobia  in  man  during  this  same  interval  in  73  cities. 

That  the  increase  of  rabie^  in  animals  which  has  been  demonstrated 
above  bears  a  direct  relation  to  the  increase  in  the  disease  in  man  is 
shown  by  the  vital  statistics  of  the  Census  Bureau,  as  follows: 

In  1003,  43  people  died  of  rabies;  in  1004,  38;  in  1005,  44;  in  1906, 
85;  in  1907,  75;  in  1908,  82.  These  deaths  occurred  only  in  the  regis- 
tration area  of  the  United  States,  whicli  now  includes  about  51  j>er 
cent  of  the  total  population. 

IN   OTHER   COUNTRIES. 

WTiile  the  disease  in  certain  foreign  countries  has  at  times  appeared 
in  the  fonn  if  severe  enzootics  extending  over  considerable  territory, 
in  the  course  of  the  last  decade  the  affection  has  decreased  on  the 
whole,  and  in  some  places  has  even  disappeared  entirely,  owing  to  the 
rigid  enforcement  of  muzzling  and  quarantine  regulations.  Accord- 
ing to  Hutyra  and  Marek  the  disease  in  France  is  widely  distributed 
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all  over  the  country.  Since  1899  more  than  2,000  cases  of  rabies  in 
animals  have  been  reported  each  year,  and  in  1903  there  were  2,391 
rabid  animals.  In  Germany  during  the  years  1895  to  1898  the  num- 
ber of  cases  of  rabies  increased  rapidly  from  489  to  1,202.  The 
number  then  decreased  to  612  in  1902.  These  cases  occurred  mainly 
in  the  eastern  and  southern  provinces  bordering  on  the  badly  infected 
districts  in  Russia  and  Austria,  while  in  the  other  parts  of  Germany 
only  a  few  isolated  outbreaks  of  the  disease  appeared.  In  Austria 
the  disease  has  been  on  the  increase  since  1891,  and  in  1900  there  were 
1,187  cases  reported.  During  this  interval — from  1891  to  1900 — 4,974 
people  were  bitten  by  rabid  animals,  123  or  2.4  per  cent  of  whom 
died  of  hydrophobia.  In  1903  the  number  of  people  bitten  by  mad 
dogs  varied  from  11  to  42  weekly.  In  Hungary  there  was  a  momen- 
tous decrease  in  rabies  following  the  passage  of  the  veterinary  sani- 
tary law  of  1888,  but  since  1893,  when  there  were  883  cases,  outbreaks 
have  been  gradually  increasing,  and  in  1903,  2,040  rabid  animals  were 
reported.  The  disease  is  most  common  in  Russia,  and  it  also  appears 
very  frequently  in  Roumania,  Servia,  and  Bulgaria.  In  Turkey, 
despite  the  large  number  of  dogs,  the  disease  does  not  increase  much, 
which  is  explained  by  Remlinger  by  the  fact  that  the  affection  gen- 
erally appears  in  the  form  of  dumb  rabies.  In  1903  only  35  rabid 
animals  were  reported  in  Belgium,  25  in  Holland,  18  in  Switzerland, 
and  376  in  Italy.  Spain  has  had  more  frequent  outbreaks  of  the 
disease,  while  Denmark,  Sweden,  and  especially  Norway  and  Great 
Britain,  have  been  free  from  the  contagion  for  several  years  owing  to 
the  wise  provision  that  all  dogs  running  at  large  shall  be  muzzled. 
The  islands  of  Australia,  Tasmania,  New  Zealand,  St.  Helena,  and 
the  Azores  have  never  become  infected  with  rabies,  and  the  first  three 
prevent  its  introduction  by  rigid  inspection  and  quarantine.  In  1905 
Rutherford  reported  the  disease  to  be  spreading  in  Canada,  and  in 
1908  Dudley  made  a  similar  statement  for  the  Philippine  Islands, 
where  the  malady  had  been  found  to  exist  in  39  provinces.  The  latter 
recommends  the  establishment  of  a  Pasteur  institute  in  the  islands. 
That  rabies  is  increasing  in  Mexico  is  shown  by  the  report  of  the 
Pasteur  institute  in  the  City  of  Mexico.  For  the  20  years  since  this 
institute  was  established  8,680  patients  from  all  the  Federal  States  of 
Mexico  have  taken  treatment,  4,579  of  these  people  receiving  the  treat- 
ment during  the  last  six  years.  The  disease  is  also  known  to  occur 
at  infrequent  intervals  in  certain  sections  of  South  America,  Africa, 
and  Asia. 

PREVENTION   AND   ERADICATION. 

Sanitary  regulations  which  seek  to  control  the  disease  effectively 
by  exterminating  it  among  dogs  are  most  likely  to  prove  successful. 
There  is  no  communicable  disease  which  is  more  easily  prevented  or 
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eradicated  than  rabies.  Since  the  infection  is  pnictically  always  trans- 
mitted by  a  bite,  and  sinci;  the  animal  which  does  the  biting  is  almost 
always  a  dog,  all  sanitary  measures  must  be  directed  to  the  control 
of  these  animals  for  a  sufficient  time  to  cover  the  incubation  period 
of  the  disease.  It  seems  inexcusable,  therefore,  to  allow  this  contagion 
to  be  propagated  indefinitely,  causing  untold  suffering  to  the  affected 
animals  and  menacing  the  lives  of  persons,  particularly  children,  who 
go  upon  the  streets. 

The  only  measures  necessary  to  obtain  the  desired  result  are  (1) 
a  tax  or  license  for  all  dogs,  with  a  fee  of  $2  for  males  and  $5  for 
females,  and  the  destruction  of  homeless  or  vagrant  dogs;  (2) 
restraint  of  all  dogs  which  appear  m  public  places,  either  by  the  U8e 
of  a  leash  or  an  efficient  muzzle. 

DOG   LICENSE. 

There  is  no  doubt  that  neglect  has  allowed  the  accumulation  of 
ownerless  dogs  in  this  country  to  an  extent  that  renders  our  large  cities 
frequently  liable  to  incursions  of  rabid  animals.  To  even  mention 
muzzling,  however,  is  sufficient  to  bring  tirades  of  abuse  upon  the 
head  of  the  sanitarian,  and  dog  sentimentalists  are  immediately  up  in 
arms,  using  time,  influence,  and  money  to  prevent  such  an  ordinance. 
In  spite  of  the  obloquy  with  which  it  is  received  by  a  certain  mistaken 
class  of  the  community,  the  results  of  muzzling  amply  justify  its 
recommendation,  and  its  rigid  enforcement  without  any  additional 
requirement  will  exterminate  rabies  in  a  district  in  a  shorter  time  than 
any  other  known  method.  Even  Dulles,  the  great  controversialist  on 
rabies,  admits  that  he  considers  muzzling  to  be  the  most  important 
measure  for  limiting  the  ravages  of  this  disorder,  no  matter  on  what 
theory  it  may  be  accounted  for.  Excellent  examples  of  its  efficiency 
are  shown  by  the  well-known  results  obtained  in  eradicating  the 
disease  from  England,  Sweden,  Denmark,  Berlin,  and  in  other 
communities. 

NECESSITY  FOR  MUZZLING. 

The  striking  results  obtained  by  England  have  caused  many  persons 
to  propose  and  advocate  a  national  dog  muzzling  law  for  the  United 
States,  enforced  by  the  Department  of  Agriculture.  These  sugges- 
tions, however,  do  not  take  into  consideration  the  discrimination  be- 
tween the  functions  of  the  Federal  and  State  Governments  and  the 
differences  between  the  laws  of  the  United  States  and  those  of  Eng- 
land. The  power  conferred  is  not  in  all  cases  sufficient  to  effect  the 
eradication  of  a  disease,  for  the  reason  that  the  Federal  Government 
can  not  enforce  measures  within  a  State  without  the  legislative 
consent  of  the  State  unless  the  animals  affected  are  subjects  of  or 
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endanger  interstate  commerce.  Its  work,  therefore,  without  the  co- 
operation of  the  States  aJffected,  is  limited  to  interstate  traffic,  and 
quarantine  lines  are  thus  made  to  follow  State  lines.  The  department 
is  always  willing  to  cooperate,  so  far  as  possible,  with  any  State 
which  requests  assistance  in  eradicating  an  infectious  disease.  But 
such  a  State  must  necessarily  have  the  proper  laws  by  which  the  con- 
trol of  the  disease  is  made  possible.  When  a  disease  such  as  rabies 
is  confined  within  a  State  it  does  not  come  under  the  jurisdiction  of 
the  Federal  Government  and  can  not  be  treated  as  the  infectious 
diseases  pleuro-pneumonia  and  foot-and-mouth  disease,  which  spread 
from  State  to  State  and  become  a  serious  menace  to  interstate  traffic. 
The  Department  of  Agriculture  could  quarantine  against  States 
where  the  rabies  exists,  but  it  can  readily  be  seen  that  owing  to  the 
great  freedom  of  movement  which  dogs  enjoy  it  would  be  impracti- 
cable to  enforce  such  a  quarantine  further  than  to  require  all  dogs 
to  be  muzzled  which  are  being  transported  interstate  by  common  car- 
riers. Such  a  requirement  would  give  an  infinitesimal  amount  of 
protection,  as  these  dogs  would  be  beyond  the  Federal  jurisdiction 
after  reaching  the  State  for  which  they  were  destined. 

If  all  States  should  enact  muzzling  laws,  or  if  the  State  boards  of 
health,  State  sanitary  boards,  and  municipal  authorities  in  the  in- 
fected States  should  be  empowered  to  issue  and  enforce  regulations 
compelling  the  muzzling  of  all  dogs  in  the  infected  area  and  the  im- 
pounding or  humane  destruction  of  all  dogs  found  running  at  large, 
the  disease  would  soon  be  stamped  out. 

The  necessity  for  a  muzzling  order  having  arisen  in  the  District 
of  Columbia,  the  Secretary  of  Agriculture  notified  the  District  Com- 
missioners of  the  presence  of  this  disease  in  an  alarming  degree 
among  the  canines  of  Washington,  and  requested  the  enactment  of  a 
muzzling  order.  Such  an  order  was  deemed  advisable  because  the 
disease  had  suddenly  jumped  from  12  cases  during  the  fiscal  year  of 
1906-7  to  61  cases  in  1907-8.  The  Commissioners,  however,  believing 
that  the  most  effective  manner  of  dealing  with  the  matter  was  to 
impound  and  destroy  stray  dogs,  started  to  increase  the  dog-catching 
service  on  February  1,  1908,  and  from  this  time  to  June  15,  1908, 
there  were  2,762  dogs  impounded  as  compared  with  1,185  dogs 
impounded  during  the  corresponding  period  for  1907.  The  Presi- 
dent of  the  United  States  became  interested  in  the  subject,  and  the 
Commissioners  issued  a  muzzling  order  to  be  effective  for  a  period 
of  six  months.  With  the  extra  wagons  and  force  employed,  the 
number  of  dogs  captured  during  the  period  of  the  muzzling  order 
was  4,355,  as  compared  with  2,794  captured  during  the  corresponding 
period  of  the  preceding  year.  The  cost  of  the  service  for  the  period 
of  the  muzzling  order  was  $6,125,  as  compared  with  $2,243  for  the 
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corresponding  period  in  the  previous  year.  To  further  the  execu- 
tion of  this  order,  14G  arrests  were  made  and  134  convictions  secured, 
besides  what  was  accomplished  by  giving  notice  of  a  penalty  for 
violation.  In  1908,  during  the  last  six  months  of  which  the  muzzling 
order  was  enforced,  8,225  dogs  were  impounded,  while  after  the 
expiration  of  the  muzzling  order  only  2,243  dogs  were  impounded 
during  the  first  half  of  1909.  During  the  last  six  months  of  1908, 
the  period  when  muzzling  was  required,  there  were  46  cases  of  rabies, 
while  in  the  first  six  months  of  1909  there  were  only  28  cases.  The 
results  from  the  muzzling  order  were  therefore  l>o>coming  apparent, 
and  an  additional  six  months'  quarantine  was  requested  by  the  Secre- 
tary of  Agriculture,  but  this  request  was  not  complied  with  by  the 
District  Commissioners. 

In  the  last  half  of  1909  there  were  only  24  cases,  but  in  the  first 
half  of  1910  the  number  rose  to  34.  During  this  time  new  Com- 
missioners came  into  office,  and  as  the  disease  persisted  and  showed 
a  tendency  to  increase,  they  issued  another  muzzling  order,  taking 
effect  August  11,  1910.  Since  that  time  the  number  of  cases  has 
gradually  decreased,  notwithstanding  the  fact  that  owing  to  the 
insufficiency  of  the  appropriation  the  authorities  have  been  unable 
to  enforce  the  order  adequately. 

In  order  to  secure  State  and  municipal  legislation  for  the  control 
of  rabies  it  will  require  concerted  action  on  the  part  of  all  interested 
parties,  whether  professional  men  or  laymen,  to  prove  to  the  public 
the  need,  value,  and  benefits  of  such  a  procedure.  With  such  legis- 
lation properly  enforced  no  dog  would  be  seen  running  at  large  with- 
out a  muzzle.  Those  contracting  the  disease  would  be  unable  to 
transfer  the  virus  to  other  animals.  Monetary  loss,  untold  suffering, 
and  death  among  both  human  beings  and  animals  caused  by  the 
disease  would  rapidly  decrease,  and  in  a  relatively  short  period  rabies 
would  be  eradicated  from  our  country.  After  reaching  this  desired 
goal  the  reappearance  of  the  disease  could  be  readily  prevented  by  a 
six  months'  quarantine  of  all  dogs  imported  into  the  United  States 
from  countries  where  rabies  is  prevalent. 


[A  liflt  giving  the  titles  of  all  Farmers*  BuUetinfl  available  for  diatribution  will  be 
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to  the  Secretary  of  Agriculture,  Washington,  D.  C] 
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INTRODUCTION. 

It  is  a  noticeable  fact  that  in  most  parts  of  the  world  where  anti- 
mosquito  measures  have  been  undertaken  on  a  large  scale  the  work 
has  been  done  with  the  direct  end  of  doing  away  with  mosquito-l>orne 
diseases.  In  the  United  States,  however,  such  antimosquito  work  as 
has  been  undertaken  has  almost  invariably  been  done  with  the  direct 
incentive  of  simply  ridding  communities  or  localities  from  a  great 
nuii^ance.  Almost  the  onl}^  exception  hah  been  the  work  doiK*  on 
Staten  Island  by  Dr.  Doty,  the  health  officer  of  New  York. 

There  are,  however,  many  localities  in  the  United  States  where 
malaria  is  prevalent,  and  some  in  which  the  existence  of  the  disease 
in  an  aggravated  form  is  a  serious  barrier  to  agricultural  or  indus- 
trial development.  It  has  been  shown,  for  example,  that,  agricul- 
turally s|x»aking,  the  lands  of  the  Delta  region  of  Mississippi  and 
adjoining  States  are  the  richest  in  the  whole  world,  with  the  possible 
exception  of  the  delta  of  the  Nile,  and  yet,  on  account  of  the  extraor- 
dinary prevalence  of  malaria  in  this  region,  it  is  sparsely  settled 
and  land  prices  are  low.  The  advance  of  the  cotton-boll  weevil 
into  this  section  has  had  its  customary  effect  of  driving  a  consid- 
erable proportion  of  the  negro  labor  into  other  regions  not  yet 
invaded,  and  unless  the  country  is  to  become  impoverished  it  will  be 
necessary  to  import  white  lalx)r.  Negroes  are  more  or  less  resistant 
to  malaria,  but  this  will  not  be  true  of  the  white  labor  coming  into 
this  region,  which  will  undoubtedly  become  rapidly  infected  witli 
the  disease. 

Malaria  is  not  a  difficult  disease  to  fight.  This  has  been  shown  in 
many  parts  of  the  world — in  Italy,  in  Cuba,  in  Panama,  in  West 
Africa,  in  India,  in  Egypt,  and  elsewhere.  People,  generally,  should 
know  the  exact  truth  about  the  disease  and  what  is  to  be  done. 
The  efforts  of  individuals,  after  they  have  acquired  the  proper  knowl- 
edge, will  have  an  effect  upon  the  malaria  rate,  while  with  a  general 
knowledge  of  these  facts  community  work  must  come  sooner  or  later. 

In  the  pages  which  follow,  the  statements  regarding  the  disease 
itself  are  partly  drawn,  with  the  permission  of  the  American  pub- 
lishers, from  an  admirable  summary  prepared  by  Dr.  Ronald  Ross,* 

*  Sop  Ronald  Ross.  Thf  I'rpv.ntifin  of  Mfllaria.       London  and  New  York. 
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of  the  Liverpool  School  of  Tropical  Medicine,  who  was  the  first  dis- 
coverer of  the  relation  between  malaria  and  mosquitoes,  something 
over  12  years  ago,  in  India.  His  results  were  soon  confirmed  by 
workers  in  many  parts  of  the  world,  and  the  statements  here  made 
are  accepted  by  the  best  physicians  of  all  countries. 

THE  DISEASE  AND  ITS  CAUSE. 

The  disease  known  as  malaria,  or  fever  and  ague,  or  chills  and 
fever,  or  marsh  fever,  and  the  varieties  called  intermittent  fever, 
remittent  fever,  and  pernicious  fever,  are  caused  by  parasites  in  the 
blood  which  feed  upon  the  red  blood  cells. 

Malaria  occurs  more  or  less  in  all  warm  climates,  especially  in  the 
summer  after  rains  and  near  marshy  ground.  It  is  said  to  cause  one- 
fourth  or  more  of  all  the  sickness  in  the  Tropics. 

The  parasites  in  the  blood  are  microscopic  one-celled  animals 
called  Plasmodia. 

These  minute  parasites  are  introduced  into  the  blood  through  the 
proboscis  of  certain  mosquitoes  of  the  genus  Anopheles. 

On  being  introduced  in  this  way,  each  parasite  enters  one  of  the 
red  blood  cells,  in  which  it  lives  and  grows. 

When  full  grown,  each  parasite  divides  and  thus  produces  a  num- 
ber of  spores,  which  escape  from  the  blood  cell  and  enter  fresh  cells. 
This  method  of  propagation  may  continue  for  years. 

Although  only  a  few  of  the  parasites  may  have  been  introduced 
originally  through  the  beak  of  the  mosquito,  they  rapidly  increase 
until  millions  upon  millions  of  them  may  exist  in  the  blood. 

At  first,  when  the  number  of  parasites  is  still  small,  an  infected 
person  may  remain  apparently  well.  When,  however,  the  number 
is  large  enough,  he  begins  to  suffer  from  fever. 

The  parasites  tend  to  produce  their  spores  all  at  the  same  time, 
and  it  is  at  the  moment  when  these  spores  escape  from  the  blood 
cells,  almost  simultaneously,  that  the  fever  begins. 

The  fever  is  probably  caused  by  a  little  poison  which  escapes  from 
each  parasite  with  the  spores. 

After  from  6  to  40  hours  or  more  this  poison  is  eliminated  from 
the  patient's  system  and  his  fever  tends  to  leave  him. 

In  the  meantime,  however,  a  new  generation  of  parasites  from 
the  spores  is  approaching  maturity;  and  when  this  is  reached  they 
in  their  turn  break  up  and  cause  another  attack  of  the  fever  like  the 
first,  and  so  on  indefinitely  for  months  and  months.  In  this  way  the 
attacks  of  the  fever  follow  each  other  at  regular  intervals. 

But  it  often  happens,  as  the  result  of  repeated  infections,  that  a 
new  attack  has  commenced  before  the  former  one  has  ceased,  so  that 
they  overlap  and  the  fever  continues. 
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After  a  time,  oven  witliout  trcjitinont,  the  number  of  parasites  may 
deoiXMise  until  not  enough  of  tliom  are  left  to  produw  fever,  in  which 
C4isi»  the  patient  impi*ove«  U>mporarily. 

It  generally  hapj)ens,  however,  sooner  or  later,  that  tlie  number  of 
parasites  increases  again,  and  the  patient  again  suffers  from  a  series 
of  attacks. 

Such  relajxies  are  frequently  encouraged  by  fatigue,  heat,  chill, 
wetting,  dissipation,  or  illness,  and  they  may  occur  at  intervals  for  a 
long  time  after  the  patient  was  firet  infected  by  the  mosquito,  and 
even  after  he  has  moved  to  localities  where  there  is  no  malaria. 

Besides  fever,  these  malarial  parasites  often  produce  anemia  and 
enlargement  of  the  spleen,  especially  with  patients  who  have  suf- 
fered many  relapse-s. 

Death  is  often  caused  in  nialarial  patients  by  other  diseases,  such 
as  pneumonia  or  dysentery,  the  system  being  already  weakened  by 
the  malarial  pai'usites. 

If  the  patient  survives,  the  parasites  tend  to  die  out  of  themselves, 
without  treatment,  after  a  long  period  of  illness,  leaving  him  more 
or  less  immune. 

The  parasites  are  of  at  least  tliree  kinds,  which  can  be  easily  dis- 
tinguished in  the  blood  if  placed  under  the  microscope.  These  are 
(1)  a  parasite  which  produces  its  spores  every  three  days  and  causes 
what  is  called  quartan  fever;  (2)  a  parasite  which  produces  its  spores 
every  other  day  and  causes  tertian  fever;  (3)  parasites  which  cause 
the  so-called  malignant  fever  or  pernicious  malaria,  which  is  of  an 
irregular  type  and  in  which  dangerous  complications  most  frequently 
occur. 

Quinine  kills  the  parasites  when  administered  at  the  proper  time; 
but  generally  it  will  not  destroy  all  the  parasites  in  the  body  unless 
it  is  given  in  sufficient  doses  and  continued  for  several  months.  As 
long  as  a  single  parasite  remains  alive  in  the  blood,  the  patient  may 
be  subject  to  relapses.  Ross  advises  that  at  least  5  grains  of  sulphate 
of  quinine  should  be  taken  by  an  adult  patient  every  day  without  fail 
for  four  months,  but  he  should  consult  a  physician  regarding  the 
detail  nf  <]».»  treatment. 

METHOD  OF  INFECTION. 

The  malaria  parasite  has  several  different  stages.  Aside  from 
those  forms  which  produce  spores  in  the  body,  there  are  other 
.stages — male  and  female.  When  one  of  these  anopheline  mosquitoes, 
which  carries  malaria,  happens  to  feed  on  a  patient  whose  blood  con- 
tains parasites,  these  are  sucked,  with  the  blood,  into  the  mosquito's 
stomach. 

If  the  sexual  forms  of  the  parasites  are  present,  those  of  opposite 
sexes  at  once  unite.     The  parasite  now  undergoes  certain  changes  in 
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the  mosquito's  stomach.  It  passes  through  the  stomach  wall  and 
finally  affixes  itself  to  its  outer  surface. 

Here  it  grows  very  considerably  and,  after  a  week  under  favorable 
conditions,  produces  a  large  number  of  spores. 

These  spores,  thus  entering  the  general  body  cavity  of  the  mosquito, 
find  their  way  into  the  salivary  glands.  These  glands  secrete  the 
irritating  fluid  injected  under  the  human  skin  when  the  mosquito 
begins  to  feed. 

Thus,  when  one  of  these  mosquitoes,  which  has  fed  upon  a  malarial 
patient  containing  the  sexual  forms  of  the  parasites,  bites,  after  a 
week,  another  person,  it  injects  these  spores  together  with  its  saliva 
under  his  skin  and  generally  into  his  blood. 

These  spores  now  cause  or  may  cause  infection  or  reinfection  in 
this  second  person. 

Thus  the  parasites  of  malaria  pass  from  men  to  certain  mosquitoes 
and  back  from  these  mosquitoes  to  men. 

Malarial  fever  is  then  an  infectious  disease,  which  is  carried  from 
the  sick  to  the  healthy  by  anopheline  mosquitoes,  and  only  in  this 
way  can  it  be  contracted. 

It  has  always  been  known  that  malaria  is  most  prevalent  in  the 
vicinity  of  marshes,  and  it  was  formerly  supposed  that  the  air  or 
exhalations  from  these  marshes  produced  the  disease.  Parasites  of 
malaria  have  not  been  found  in  the  water  or  air  of  marshes,  nor  in 
decaying  vegetation,  nor  in  the  soil,  although  they  have  been  dili- 
gently searched  for.  Attempts  to  produce  infection  by  these  agencies 
have  always  failed.  The  mosquitoes  which  carry  these  parasites, 
however,  breed  in  marshes  or  in  marshy  pools  and  streams. 

Issuing  from  these  breeding  places,  they  enter  nearby  houses  and 
feed  upon  the  inmates,  mostly  at  night,  biting  first  one  person  and 
then  others,  and  living  for  weeks  or  months. 

If  an  infected  person  happens  to  be  present  in  any  of  these  houses, 
the  anopheline  mosquitoes  biting  him  will  also  become  infected,  and 
the  disease  is  likely,  ultimately,  to  be  carried  by  these  mosquitoes  to 
others  and  to  neighboring  houses. 

Thus  a  whole  neighborhood  soon  becomes  infected  and  the  locality 
is  called  malarious.  In  such  localities  it  is  easy  to  find  the  parasites 
of  malaria  in  the  proper  mosquitoes.  Sometimes  25  per  cent  or  more 
of  them  are  found  to  be  infected. 

In  malarious  localities  the  anopheline  mosquitoes  bite  the  healthy 
new-born  children  and  infect  many  of  them. 

Such  children  if  not  thoroughly  treated  may  remain  infected  for 
years.  They  may  become  anemic  and  possess  enlarged  spleens,  and 
of  course  may  spread  the  infection  to  others. 

In  malarious  localities  almost  every  child  has  been  found  to  con- 
tain the  parasites  of  malaria  or  to  possess  an  enlarged  spleen. 
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In  such  a  loculity,  therefore,  tlie  infection  is  constantly  passed  on 
hy  means  of  tlie  mosquitoes  from  the  ohler  children  or  from  adults  to 
the  newly  born  infant*^,  so  that  the  lixiality  may  remain  malarious  for 
very  many  yeai%  in  fact  indefinitely. 

In  the  same  way  a  newcomer  arriving  in  such  a  locality  will  very 
probably  become  infected,  especially  if  he  sleeps  in  an  infected  house, 
oven  for  one  night,  at  a  time  when  mosquitoes  are  flying  and  biting. 
A  locality  is  malarious  only  when  it  contains  persons  infected  with 
the  parasites,  and  also  sufficient  numbers  of  the  proper  species  of 
mosquitoes  to  carry  the  infection  to  the  healthy  persons. 


,7rt/.,ir;  Male  and  f(>inale  mosfini 
(Original.) 


rrtn  f  I  v      i.tiln  i 


THE  MALARIAL  MOSQUITOES. 

There  are  in  the  United  States  only  three  species  of  mosquitoes 
which  commonly  carry  malaria,  namely,  Anopheles  quadrimucul<itus 
Say,  Anopheles  crucians  Wied.,  and  Anopheles  punctipcnnls  Say. 
Several  other  species  of  Anopheles  are  occasionally  found,  but  are  not 
important  malarial  factors. 

Anopheles  quadrlmaciddtus  (figs.  1,  4,  5,  6)  is  commonly  found  in 
the  more  Northern  States,  and  A,  crucians  (fig.  2)  more  abundantly 
in  the  Southern  States,  particularly  in  the  coastal  region. 

A.  punetipennis  (fig.  3)  occurs  in  both  Northern  and  Southern 
States.    It  has  been  found  to  carry  quartan  and  tertian  malaria  in 
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the  South,  but  not  in  the  North.  A  number  of  experiments  have  been 
made  with  this  species  in  the  North,  and  especially  at  Baltimore  and 
New  York,  to  see  if  it  will  carry  malarial  parasites,  but  without 
success. 

The  anopheline  mosquitoes  are  distinguished  from  most  other  mos- 
quitoes of  the  United  States  by  the  fact  that  their  wings  are  more  or 
less  spotted,  and  that  in  resting  on  the  wall  their  bodies  incline  away 
from  the  wall  at  an  angle,  while  with  most  others  the  body  is  parallel 


Pig.  2. — Anopheles  crucians:  Female  mosquito.     Greatly  enlarged.      (Original.) 

to  the  wall.  The  females  also  have  palpi  which  are  nearly  as  long  as 
the  proboscis,  or  beak. 

The  Anopheles  mosquitoes  above  mentioned  pass  the  winter  as 
adults.  In  the  autumn  they  enter  houses,  stables,  bams,  or  other  out- 
houses, or  seek  other  sheltered  hiding  places,  and  remain  there  until 
spring.  They  are  often  found  in  the  winter  in  numbers  in  the  cellars 
of  houses,  where  they  may  be  killed  by  fumigation. 

These  mosquitoes,  as  a  rule,  bite  only  after  sundown.  Anopheles 
crucians  has  on  rare  occasions  been  known  to  bite  during  the  day,  as 
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has  A.  py^iwtipemm.  This  has  not  Iwen  recorded  of  A,  quadniiuiru- 
hit  lis. 

They  do  not  fly  far.  It  is  doubtful  whether  any  of  tliese  species 
ever  flies  for  inoi-e  than  half  a  iniK\ 

Thesis  Anopheles  mos(put(H»s  breed  in  all  sorts  of  accumulai  mmi.-  ol 
-tandin^  water,  in  pools,  springs,  watering  troughs,  in  the  footprints 
of  cattle  in  marshy  land,  and  in  marshes  where  fish  are  not  abundant, 
in  drains  and  gutters  choked  witli  grass  or  weeds,  in  old  boats  along 
the  waterfronts,  in  hollows  in  rocks,  in  the  backwaters  of  even  rapid 


Pio.  3. — Anophelc9  punctipennis :  Female  mosquito.     Greatly  enlarged.     (OrlRlnal.) 

streams,  in  earthenware  vessels,  in  water  barrels  and  tubs,  in  cess- 
I>ools,  and  all  places  carrying  water  accumulations,  whether  pure  or 
foul.  Anopheles  crucians  and  A,  qiuidrimaculatus  have  even  been 
found  breeding  in  bi-ackish  water  along  the  seacoasl. 

The  minute,  blackish  eggs  (fig.  4)  are  laid  on  the  surface  of  the 
water  and  are  found  floating  on  their  sides  singly  or  in  groups. 

Their  lar\^8e  do  not  hang  from  the  surface  of  the  water  by  the  tail, 
as  do  other  mosquito  larvae  or  "  wrigglers  "  when  at  rest,  but  lie  flat 
at  the  surface,  with  their  heads  turned  upside  down,  feeding  upon 
minute  floating  particles  at  or  near  the  surface  (fig.  5). 
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Their  gi^owth.  is  rather  rapid,  and  they  may  m  midsummer  reach 
full  size  in  two  weeks  after  hatching. 

When  full  grown  these  larvae  transfonn  to  pupse  (fig.  6)  and  re- 
main in  this  stage  at  the  surface  of  the  water  for  three  or  more  days, 

when    the    adult    mosqui- 
toes issue. 

PREVENTION  AND  CURE. 

There  are  now  three 
recognized  means  of  war- 
fare against  malaria:  (1) 
The  mechanical  protec- 
tion of  individuals  from 
the  bites  of  malarial  mos- 
quitoes; (2)  the  destruc- 
tion of  the  Anopheles 
mosquitoes  in  any  or  all 
of  their  different  stages  of 
growth;  (3)  the  system- 
atic treatment  of  the  pop- 
ulation of  a  malarious  lo- 
cality with  quinine  until 
the  malaria  has  been 
stamped  out  and  there  are 
none  of  the  parasites  which  cause  this  disease  for  the  Anopheles  mos- 
quitoes to  carry. 

The  first  of  these  methods  is  largely  a  matter  of  personal  preven- 
tion, and  consists  in  thoroughly  screening  all  habitations  of  human 
beings  and,  in  the  summer  time,  of  wearing  veils  and  gloves  when 
out  of  doors  after  sundown.  This  method  was  systematically  en- 
forced at  the  stations  on  the 
Italian  railroads  some  years 
since  and  resulted  in  a  very 
great  reduction  in  the  malaria 
rate. 

The  second  measure,  that  of 
destroying  the  Anopheles,  has 
been  practiced  with  admirable  success  in  Cuba,  in  Panama,  in  West 
Africa,  in  Egypt,  and  in  certain  localities  in  India.  The  measures  of 
mosquito  destruction  used  in  these  localities  and  elsewhere  are  de- 
scribed in  a  companion  Farmers'  Bulletin  (No.  444). 

The  quininization  method,  or  cinchonization  method  as  it  is  called 
by  the  Germans  and  the  Italians,  has  been  used  by  the  Germans  in 
East  Africa  and  by  the  Italians  and,  to  some  extent,  by  the  English 
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-Anopheles  quadrimaculatus :  Eggs. 
magnified.      (Original.) 


Highly 


Pig.  5. — Anopheles  quadrimaculatus:  Larva 
in  resting  position.  Greatly  enlarged. 
(Original.) 


SOME  FACTS  ABOUT   MALARIA. 


13 


in  India.    In  Italy,  by  the  means  of  mechanical  protection,  the 

malaria  rate  was  rodiicecl  from  05  or  70  per  cent  down  to  14  per  cent, 

but    hei*e   it   held.     The  quininization 

methoil  was  then  introduced,  and  the 

general  malaria  rate  for  It4ily  has  by  its 

menn"-  ]».>«-n    ri'diit'iM]   <n  liv^v  tlmn    t    n<M' 

00  ni 


This  method  coiibibtb  in  liio  dihlribu- 
tion  of  free  quinine  to  all  laborers  and 
to  the  poor  living  in  malarious  locali- 
ties. The  quinine  is  prepared  in  its 
most  agi'eeable  form,  as  confectionery 
and  principally  as  chocolates,  the  latter 
containing  tannate  of  quinine,  which 
is  not  so  bitter.  It  is  more  easy  to 
induce  children  and  those  adults  who  can  not  tolerate  the  ordinary 
quinine  salts  to  take  the  quinine  in  this  form. 
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Fio.  6. — Anophelei  quadrimaculatua. 
Pupa.  Greatly  enlarged.  (Orlgl 
nal.) 
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